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Abstract 
The work described in this thesis has been concerned with the 
synthesis of a number of different chiral oxazolidinones. These were all 
prepared from cheap chiral pool starting materials, in particular 
carbohydrates and terpene-alcohols. The synthetic route employed utilised 
the well known but little used stereospecific nitrene insertion process. 
A selection of these newly synthesised chiral oxazolidinones were 
evaluated as chiral auxiliaries by employing them in a range of 
asymmetric transformations. The reactions studied include Lewis acid 
catalysed Diels-Alder reactions, lithium enolate mediated aldol reactions, 
a 1,4-cojugate addition reaction, a nitrile oxide cycloaddition reaction, and 
an a-bromination reaction. 
Other applications investigated were the resolution of racemic acid 
halides and of an amine. 
The chiral oxazolidinone auxiliaries developed from carbohydrates 
(in particular those developed from cx-D-galactose) were found to give very 
high levels of asymmetric induction; whereas the auxiliary developed from 
a terpene alcohol (0-3-Pinanol) was found to give very poor 
stereo selectivities. 
In addition to the above experiments, an oxazolidinone derived 
from endo-borneol was thiated, using commercially available Lawessons 
reagent, to give the corresponding oxazolidinthione. This product was 
found to possess an extremely intense U.V. absorption band. 
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Asymmetric synthesis 1 is an area of organic chemistry which has 
been the subject of intense research over the past 10 to 15 years. Much 
effort has been devoted to this field because the importance of being able 
to obtain compounds in a state of high optical purity is now well 
recognised; numerous examples are available to illustrate the 
dramatically different biological properties exhibited by optical isomers. 
Thus, the (S)-isomer of limonene 2 (1) smells of lemons, the (R)-isomer (2) 
smells of oranges (Scheme 1). The artificial sweetner aspartame (3) is 
composed of the two amino acids, L-aspartic acid and L-phenylalanine 
and is 160 times sweeter than sucrose. If the L-phenylalanine residue is 
substituted for D-phenylalamne, the resulting molecule (4) has a bitter 
taste. Both enantiomers of sucrose are equally sweet, but only the 
naturally occuring D-enantiomer is metabolised, making the synthetic L-
enantiomer a potential dietry sweetner. 
The above differences obviously have important consequences for 
the food and flavourings industry. In the pharmaceuticals field, the 
importance of optical isomerism is equally well recognised since one 
enantiomer of a drug may show beneficial activity while the other may be 
ineffective or even detrimental. For example, the (S)-isomer of 
penicillamine 3 (5) is a strong chelating agent used in the removal of heavy 
metals from the body; its toxicity is very low (Scheme i.). In contrast, the 
(R)-isomer (6) causes optic atrophy, leading to blindness. The commonly 
prescribed drug (S)-propanol01 4 (7) is an effective f3-blocker, used in the 
treatment of high blood-pressure. The (R)-isomer (8), in contrast, has 




(1) 	 (2) 
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NH 	 —NH 
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00 	 00 
(9) 	 (10) 
Beneficial against 
morning sickness 	 Teratogen 
Scheme 1 
3 
Perhaps the best known example, which illustrates vividly the 
differing biological properties of enantiomers, is that of thalidomide. The 
(S)-isomer (9) of this drug exhibited beneficial effects against morning 
sickness, but the (R)-isomer (10) was responsible for causing horrific foetal 
deformities. 
Drug authorities will soon be introducing new regulations which 
will make compulsory the separate pharmacological testing of each 
enantiomeric form of all new candidate compounds. The field 	of 
asymmetric synthesis and research into improved methods of making 
optically pure compounds is therefore of growing importance. 
In this introduction, an overview of some of the most common 
methods that can be used for the production of optically pure compounds 
will be given. 
Appendix A, contains a short glossary of some frequently 
encountered stereochemical terms which the reader may find useful. 
4 
2. Methods of Producing Optically Pure Compounds 
There are five main methods which can be used for the production 
of optically pure compounds. These are: 
The use of chiral auxiliaries 
The use of chiral catalysts 
The use of chiral reagents 
The modification of naturally occuring chiral starting 
materials (the chiral pool approach) 
The resolution of racemic mixtures 
An account of each of the above procedures will be given in the 
following sections. However, as this research project is concerned mainly 
with the use of chiral auxiliaries, most emphasis will be devoted to this 
section. 
2.1 The Use of Chiral Auxiliaries 
This is an area of asymmetric synthesis which has undergone a 
vast amount of develpoment over recent years. In this approach, an 
optically pure compound (Aux*)  (known as the chiral auxiliary) is first 
attached onto a prochiral substrate (S) (Scheme 2). A reaction is then 
performed on this substrate, during which the auxiliary directs its course, 
resulting in the formation of a chiral product (p*)  After the reaction, the 
chiral auxiliary can be removed and in many cases it can be recycled. 
5 
*Aux 	+ 	S 	
react 
*Aux + P* 
Scheme 2 
The functioning of a chiral auxiliary can be understood by 
considering the thermodynamics of the process (Fig. 1). When a prochiral 
substrate reacts in the absence of a chiral auxiliary, an enantiomeric pair 
of transition states TSS and TSR are generated. Consequently, the 
enantiomeric products (S and R) are formed in equal amounts and a 
racemic mixture results. In the presence of a chiral auxiliary, however, 
the transition states now have a diastereomeric relationship and differ in 
energy by AAG4t. As a result, one enantiomer, (R), of the product now 
predominates. The extent of asymmetric induction (and thus optical 
purity) of the chiral product depends on the magnitude of AGO. For 
complete asymmetric induction at room temperature, a LAG*  value of 
approximately 3KcalJmol is necessary. 
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Chiral auxiliaries are generally obtained either by modifying a 
readily available natural product, or artificially by synthesis followed by 
resolution. 
The main requirements of a chiral auxiliary are: 
It must be readily available in opically pure (homochiral) 
form - preferably both enantiomeric forms should be 
available. 
It must be easily attached onto substrates. 
It must induce highly of stereoselective reactions (typically 
greater than 70% diastereomeric excess). 
It should impart crystallinity to intermediates and products 
to facilitate their purification and isolation. 
VA 
5) 	It must be easily removed, preferably in a form that can be 
recycled, without destroying any of the newly created chiral 
centres. 
There are a large number of chiral auxiliaries currently available 
and new ones are frequently reported in the literature. In the following 
sections, an account of some of the most commonly used and most efficient 
auxiliaries will be given. It is hoped that a description of the functioning 
of these will lead to an understanding of some of the factors that are 
important in achieving high levels of asymmetric induction. 
2.1.1 Evans' Chiral Oxazolidinones 
The most widely used and most versatile chiral auxiliaries are the 
two complementary chiral oxazolidinones (12) and (14), developed by 
Evans5 '6 (Scheme 3). These are synthesised from naturally occuring (S)-
valine (11) and (iS, 2R)-norephedrine (13) respectively. 
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K2CO3 	Ph 	'CH3 
(14) 
Scheme 3 
Recently, some new more improved syntheses, which are more 
amenable to scale up, have been reported. An example is the synthesis 
developed by Pruitt7 , (Scheme 4), which involves the acylation of (5)-
valine (11) with phenyl carbonochioridate (15) in aqueous sodium 
hydrogencarbonate, to give the acid (16). Borane reduction of (16) then 
generates the alcohol (17) which, when treated with a catalytic amount of 
potassium tert-butoxide, gives rise to the crystalline oxazolidinone (12) in 






H02C 	 pH 8.5 	 H02C 
(11) 	 (16) 
BH/THF 
0 	 0 
ONH 	 t-BuOK/THF 	
HNAOPh 
0 OC /1 h 	H0.L.r_ 
(12) 	 (17) 
43 % overall yield 
Scheme 4 
Pridgen has 	developed a one-pot 	reductive procedure 	to 
oxazolidinones8 (Scheme 5). In this, the 3-amino alcohol resulting 
from reduction of the amino acid (18) is not isolated but is immediately 
acylated with trich1oromethjL chioroformate (20) to afford the 
oxazolidinones (21) in overall yields of 70-80%. 
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O,_<NH2_BF3.OEt 
	F 










Ph 	 80 
Scheme 5 
The oxazolidinone auxiliary (12) can be easily functionalised, 
(Scheme 6), by treatment with n-butyl lithium and an acid chloride, to 
form the imide (22). Deprotonation of imide (22) with lithium 
diisopropylamide (LDA) generates the chelated Z-enolate (23), which can 
subsequently be alkylated 9 by the addition of an alkyl halide to form the 
chiral alkylation product (24) with extremely high asymmetric induction. 
In a similar manner, addition of an acid chloride 10 to enolate (23) 
10 
furnishes the chiral acylation product (25), again with almost complete 
asymmetric control. 
0 0 0 
o 	NH 	i)BuLi/THF/-78°C 	O  
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yield 88-95 % 
(23) 
Scheme 6 
The high levels of stereoselectivity achieved in these reactions 
arises from the fact that the Z-geometry of the lithium enolate (23) is 
formed almost exclusively 9 (Z:E > 100:1), and that the electrophile (the 
alkyl halide or the acid chloride) approaches the enolate from the face 
away from the bulky isopropyl group. 
•11 
In marked contrast to the above alkylation and acylation reactions, 
when these chiral oxazolidinones are employed in lithium enolate 
mediated asymmetric aldol reactions, very low levels of asymmetric 
induction are observed. However, extremely high levels of asymmetric 
induction can be achieved in this reaction if the boron enolate (26) is 
used11 (Scheme 7); the boron enolate is generated by means of 
dibutylboron triflate and diisopropylethylamine. 
Bu 2BOTI / 'Pr2NEt 







0 9 OH 
Aldehyde Erythro selection Yield % 
	
>—CHO 	 497:1 	69 
141 : 1 	75 
major isomer 
	 PhCHO 	>500:1 	88 
Scheme 7 
12 
The higher level of asymmetric induction which results with boron 
enolates arises from the shorter boron-oxygen bond length (B-O = 1.36-
1.47 A) compared with the lithium-oxygen bond length (Li-O = 1.92-2.00 
A). This leads to a much tighter transition state in which steric 
interactions are amplified. The large steric bulk of the butyl ligands on 
boron also play an important role in this regard. 
In addition to the above enolate reactions, the chiral oxazolidinone 
auxiliaries have also been employed in Lewis acid catalysed asymmetric 
Diels-Alder reactions 12 with cyclopentadiene (Scheme 8). In these 
reactions, the endo/exo selectivities, as well as the endo 
diastereoselectivities of the products (29) are reported to be excellent. 
QANA R 
R­ fl Me, Ph 
0 0 




Yield = 81-83 % 
(endo) de % = 86-90% 
Scheme 8 
After the completion of an asymmetric transformation, the chiral 
oxazolidinone auxiliaries can be removed using a variety of conditions 
which depend on the functional group that' is required in the product 
(Scheme 9). Thus, cleavage with lithium benzyloxide 9 generates the 
benzyl ester (30), cleavage with lithium hydroperoxide 13 generates the 
acid (31) and cleavage with lithium borohydride 14 generates the primary 
13 
alcohol (32). With all of these methods, the chiral auxiliary can be 
recovered and recycled. 
OAN L 






PhCH2O ' ' 
A 	
(31) 
(30) 	 A 
(32) 
Scheme 9 
Since their introduction, the chiral oxazolidinone auxiliaries have 
been used extensively for the synthesis of wide variety of enantiomerically 
pure natural products 1547. An example is the synthesis of lactone 
intermediate 18 (36), which was required for the synthesis of the antibiotic, 
Salinomycin (Scheme 10). The two key steps in this synthesis were the 
asymmetric alkylation of imide (33) to give (34) and the boron mediated 




























HO (k e 
(36) 
E]D (synthetic) = +41.70  
[a] 0 (natural) = +46.20 
Scheme 10 
15 
2.1.2 Oppolzer 1s Chiral Sultam 
Another highly versatile and commonly used chiral auxiliary is the 
chiral sultam (38) developed by Oppolzer 19 (Scheme 11). This auxiliary is 
synthesised in five steps from (-)-camphor-1O-sulphonic acid (37) in 63% 
overall yield20 . (+)-camphor-1O-sulphonic acid is also readily available 

















63 % overall yield 
Scheme 11 
The synthetic utility of sultam (38) parallels that of the chiral 
oxazolidinones (Scheme 12). Thus, N-acylation of (38) using sodium 
16 
hydride and an acid chloride generates the imide (39), which can then be 
deprotonated with n-butyl lithium to furnish the chelated Z-enolate (40). 
Reaction of this with various electrophiles (e.g alkyl halides 21 or 
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The stereochemistry observed in these reactions is consistent with 
the electrophile approaching from the least hindered bottom face (Ca-Re 
face) of the chelated Z-enolate (40). 
Sultam (38) has also been employed successfully in Lewis acid 
catalysed Diels-Alder reactions 23 and in nitrile oxide cycloadditions 24 
(Scheme 13). In the latter case, the remarkably high diastereomeric ratio 
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(43) 
Yield = 93.5 % 
(Endo)de=94 % 
Yield 73% 





After conducting the asymmetric reactions, removal of the sultam 
auxiliary can be brought about using conditions similar to those employed 













Although sultam (38) has proven to be highly successful, it does, 
however, suffer from a number of drawbacks. These are: 
The CH2 group adjacent to the SO2 group is acidic, and this 
can lead to the formation of side products during enolate 
reactions. 
The camphor skeleton gives rise to complicated 1H NMR 
spectra which can make the interpretation of results difficult. 
j[e 
3) 	The sultam possesses no UV chromophore which makes 
HPLC analysis of product mixtures difficult. 
To overcome the above difficulties, Oppoizer has recently 
introduced the new auxiliary (46) (Scheme 15). This sultam (46) is 
obtained in two simple steps from very cheap saccharine 25 (44). Thus 
treatment of saccharine (44) with methyl lithium generates imine (45), 
which is then hydrogenated asymmetrically, using a chiral ruthenium 
catalyst, to afford either of the enantiomeric sultams (46). 
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By changeing the alkyl lithium species in the initial step of this 
synthesis, a wide variety of substituents can be introduced into these 
auxiliaries. 
Sultam (46) has been utilised in asymmetric enolate reactions 26 
(alkylation, acylation, aldol) and in asymmetric Diels-Alder 27 and nitrile 
oxide28 cycloaddition reactions. The levels of asymmetric induction 
reported in these reactions are generally excellent and compare very 
favourably with those obtained with the camphor derived sultam (38). 
2.1.3 Meyers Chiral Oxazoline (Synthesis of Chiral a-Substituted 
Carboxylic Acids) 
A. Meyers has developed the chiral oxazoline (50) as a highly useful 
chiral auxiliary for the synthesis of enantiomerically pure a-substituted 
carboxylic acids 29 '30 (Scheme 16). Oxazoline (50) is prepared from the 
inexpensive amino diol (47) by reaction with the imino-ether (48). 
NH.HCI 
HO 	Ph 	 Ph 
OEt (48) 
H2N 	" 	 CH2Cl2 /0 












The use of this chiral auxiliary for the production of chiral a-
substituted carboxylic acids is illustrated in Scheme 17. The oxazoline 
(50) is first metallated with lithium diispropylamide (LDA) to generate 
the lithiated species (51a) and (51b) in a ratio of 1:9. Treatment of this 
mixture with various alkyl halides furnishes the alkylated oxazolines (52) 
in 80-90% yield. After mild acid hydrolysis, each of the product chiral 
acids (53) are formed in 70-85% enantiomeric excess, and each possesses 
the (S)-configuration. If the alkyl groups are introduced in the reverse 
order, the acids are formed with comparable enantiomeric purity, but with 
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Experiments have been conducted to elucidate the mechanism of 
this alkylation process 31 . It has been found that if the bulk of the topside 
substituent is decreased (from Ph to Me to H), the stereoselectivity drops 
drastically. This indicates that the alkyl halide attacks from the bottom 
face. In addition, if the methoxy group is removed, the stereoselectivity 
again drops, indicating that this group plays a very important role. This 
methoxy substituent is required to chelate with the Li counterion and so 
form the rigid complex (51). It is the formation of this rigid complex which 
is responsible for the high levels of asymmetric induction that can be 





2.1.4 Meyers Chiral Formainidines (a-Alkylation of Amines) 
In addition to the above chiral oxazoline methodology, A. Meyers 
has also developed a novel procedure for the asymmetric alkylation of 
amines32. This relies on the formation of chiral formanxidines as the chiral 
auxiliary, and one of the most efficient of these is the (S)-valine derived 
formamidine (55) (Scheme 18). Reaction of this by simple heating with 
tetrahydroisoqinolines gives formamidine (56), which can be metallated 
23 
with lithium diisopropylamide at -78 OC, and then treated with methyl 
iodide to yield the alkylation product (57). Removal of the formamidine 
after the alkylation by the addition of hydrazine solution, followed by 
















Me 	 12-18h 
(58) 








The above sequence of reactions has been used in the preparation of 













Yield = 60 % 
ee =99 % 
Scheme 19 
25 
2.1.5 Enders Hydrazines (Alkylation of Aldehydes and Ketones) 
D. Enders has introduced the complementary chiral hydrazines (S)-
and (R)- 1-amino-2-methoxymethylpyrrolidine 3334, known simply as 
SAMP (60) and RAMP (61), (Fig. 2). 





SAMP (60) is prepared from (S)-proline (62) in four steps, in an 
overall yield of 50% (Scheme 20). 
























RAMP (61) can be prepared from (R)-proline in a similar manner, 
but is more conviemently prepared from (R)-glutamic acid (63) in six 
steps, in an overall yield of 35% (Scheme 21). 
HO2C 	 CO2H 
NH2 
H20 / ref lux 
ion exchange 
i) CH2N1 /ether __4C )~ 	
OH 
N •''CO2H ii) LiAIH4 / THF 












UAI1-14 / THF 
C>H  OMe - NaH 	C> H OH 
Mel 
NO 	 NO, 
Scheme 21 
These auxiliaries are used primarily for the asymmetric alkylation 
of aldehydes and ketones. For example, reaction of SAMP (60) with 
cyclohexanone (64), (Scheme 22), gives the chiral hydrazone (65), which 
can be metallated with lithium diisopropylamide and then trapped with 
dimethyl sulphate at ..95 OC. Cleavage of the resulting hydrazone (66) 
leads to (R)-2-methylcyclohexanone (67) in good overall yield (70%), and 
with very high asymmetric induction (ee = 99%). In this sequence, two 
cleavage methods can be used: Ozonolysjs at -78 °C, or acidic hydrolysis of 
27 
the hydrazonium iodide in a two phase system (1-3N HCllpentane). No 
racemisation of the product ketones is observed under either of these 
conditions. Only the former method, however, allows the auxiliary to be 









LiAlH 	 ii) Me2SO4 / -95 °C 
C~~ OCH3 
NO (68) 
N 	OCH3 CH3 	 03/CH2Cl2/-78°C 
LJ H á h1CH3 or 
(67) 	 i) excess Mel 
70% overall yield 	 ii) 1-3 N HCI / pentane 	
(66) 
ee = 99% 
Scheme 22 
A variety of ketones, both cyclic and acyclic have been alkylated 




61% overall yield 
Excess Mel I 60 °C 
Id 
6N HCl / pentane 
Kfl 
It is interesting to note that the type of alkylatmg agent employed 
has a strong bearing on the stereoselectivity of this reaction. For example, 
dimethyl sulphate gives almost complete stereoselectivity, whereas methyl 
iodide gives only 67% enantiomeric excess. 
SA1VIP (60) has been used in a synthesis of (S)-4-methyl-3-
heptanone (70), the alarm pheromone of the leaf cutting ant, atta texana 
(Scheme 23). This isomer is about 400 times more active than the (R)-
isomer 
-11~ 







f~ IH N 	S.QCH3 
CH3...JL,.. CH3 
CHj' H 
ee = 98 % 
Scheme 23 
2.1.6 Mukaiyama?s Chiral Pyrrolidines 
(Alkylation of a-Ketoaldehydes) 
Mukaiyama has developed the chiral diamine (71) which can be 
used for the alkylation of a-ketoaldehydes 35'36 (Scheme 24). Direct 
reaction of (71) with phenyiglyoxal (73) gives rise to the aminal (75)35 • 
However, this reaction does not work for other alkyiglyoxals and the 
aminals of these must be prepared from the methyl glyoxylate (72) via the 
intermediate36 (74). 



















Treatment of aminal (75) with a (rignard reagent furnishes the 
hydroxy aminal (75a), which is then hydrolysed to produce a-
hydroxyaldehydes (76) in yields of 40-80% and enantiomeric excesses of 
75-100% (Scheme 25). 
i) RMgCI 	 [ 
RNPh 	

















The configuration of the cx-hydroxy aldehydes obtained by this 
method has been rationalised by invoking the transition state illustrated 
in Fig. 3. 
i'JPh Mg I1111111110 
x 
Figure 3 
In this transition state, the magnesium of the CTrignard reagent 
complexes with both the carbonyl oxygen and the nitrogen on the 
pyrrolidine ring of the keto aminal (this nitrogen atom can chelate more 
strongly than the more electron deficient phenyl substituted nitrogen). 
This leads to a rigid magnesium complex in which the alkyl substituent 
from the Grignard reagent migrates to the carbonyl carbon from the less 
hindered face. 
The above synthetic procedure has been used in the asymmetric 
total synthesis of the pheromone (R)-frontalin 37 (78) (Scheme 26). In this 
synthesis, the key reaction was the formation of optically active a-
hydroxyaldehyde (77). It is interesting to note that if the two grignard 






















2.1.7 Davies Chiral Iron Acetyl 
The highly novel and highly efficient iron chiral auxiliary (80) has 
been developed by S.G. Davies 38 ' 39 (Fig. 4). Both enantiomeric forms of 







R(-) 	 (80) 	 S(+) 
Figure 4 
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The complex (80) has been shown to be almost octahedral in 
geometry. The carbon monoxide, triphenylphosphine and acetyl ligands 
occupy three orthogonal sites and the cyclopentadiene ligand occupies the 
other three. In both the solid state and in solution, the preferred 
conformation places the acetyl oxygen anti to the carbon monoxide ligand. 
Furthermore, one of the phenyl groups of the triphenyl phosphine ligand 
resides under the acetyl group, effectively blocking that face. Reactants 
and reagents, therefore, approach the acetyl ligand from the face away 
from the triphenylphosphine ligand. 
The use of this auxiliary is illustrated in Scheme 27. Treatment of 
the acetyl complex (80) with butyl lithium generates the enolate (81), 
which can be trapped with a variety of alkyl halides. Further treatment 
with butyl lithium generates the corresponding E-enolates (83) completely 
stereoselectively. For steric reasons, the acyl ligand is unable to adopt the 
required conformation to form the Z-enolates. Subsequent trapping of 
these enolates from the unhindered face generates the new chiral centre 
in (84) with almost complete stereocontrol. 
The actual enantiomer of the product generated depends on which 
enantiomer of the auxiliary is chosen as the starting material and on the 
order in which the two alkylation reactions are performed. 
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Decomplexation to remove the iron chiral auxiliary is easily 
achieved by a one elecron oxidation process using bromine (Scheme 28). In 
the presence of water, alcohols or amines, the corresponding carboxylic 

















The (R)-acetyl chiral complex (80) has been employed in an elegant 
synthesis of the enantiomerically pure antihypertensive drug (-)-
captopril40 (90) (Scheme 29). An important step in this synthesis was the 
decomplexation of adduct (88) with bromine, in the presence of the tert-
butyl ester of L-proline, to form the required amide bond in (89). 
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A major dlisadvatage of this iron chiral auxiliary is its very high 
molecular weight (Mr  = 453), which consequently means that large 
amounts are required for stoichiometric reaction. Since the auxiliary is 
expensive and cannot easi1y ,  be recycled, this makes its use very 
uneconomical. 
2.1.8 Chiral Auxiliaries with a C 2-axis of Symmetry 
A very important class of chiral auxiliaries which are worth 
mentioning are those which possess a C2-axis of symmetry. J. Whitsell 
has written an excellent review dealing with this topic 41 . The presence of 
the C2-symmetry element within the chiral auxilairy serves the important 
function of dramatically reducing the number of possible competing 
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diastereomeric transition states during a transformation; as a result, 
these auxiliaries tend to be highly efficient. Some recently reported 
auxiliaries incorporating a C 2-axis are described briefly below: 
Katsuki and coworkers have developed the chiral pyrrolidine (91), 
which was used successfully for the asymmetric alkylation 42 and 














Me NDELl..y  
0 0 	—OMOM 
Yield =74% 
de=95% 
Yield = 74 % 
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Scheme 30 
S.G. Davies has developed the imidazolidinone auxiliary (92) and 
this has been employed in asymmetric boron enolate mediated aldol 














R =Me, Et, n-Pr, i-Pr, Ph 
Yields = 67-89 % 
de all >96% 
Scheme 31 
The bisacrylamide (93) has been utilised in a cycloaddition reaction 
with benzonitrile oxide45 to form a mixture of the diastereomeric 
cycloadducts (94a) and (94b) in the ratio of 83:17 (Scheme 32). 
Ph 	Ph 
o Me Me o 
(93) 
4.- I PhCEN—O 
jCH2Cl2 / -78 °C 
Ph 	Ph 	Ph 	Ph 	 Ph 	Ph 	Ph 	
Ph 
N7\JTIN + 
o Me Me 0 	Yield =97 % 	0 Me Me o 
(94a) 	Ratio = 83 	: 	17 	(94b) 
Scheme 32 
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2.2 The Use of Chiral Catalysts 
A major disadvantage of the chiral auxiliary approach to 
asymmetric synthesis is that stoichiometric amounts of the usually 
expensive chiral component are required. Furthermore, two additional 
steps are added to a synthetic sequence; one to attach the chiral auxiliary 
onto the substrate before the reaction and one to remove it after the 
reaction. The use of a chiral catalyst to induce the chirality during a 
transformation overcomes both of these difficulties and therefore makes 
this approach much more economical and particularly attractive to 
industry. 
A selection of some recently reported chiral catalysts are described 
below: 
2.2.1 Homogeneous Hydrogenation Catalysts 
From an industrial viewpoint, the most widely used chiral catalysts 
are the homogeneous hydrogenation catalysts 46 . A good example is 
[Rh(DIPAMP)COD] BF4 , which is used industrially to synthesise L- 

























2.2.2 Sharpless Epoxidation 
Sharpless and co-workers have developed a highly efficient, 
titanium catalysed asymmetric epoxidation procedure for allylic alcohols 47 
(Scheme 34). The components required are (+)- or (-)-diethyltartrate, 
titanium tetraisopropoxide and tert-butyl hydroperoxide. 
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D-(-)-diethyl tartrate (unnatural) 
/ 
OH 
L-(+)-diethyl tartrate (natural) 
 
E 70-80 % yield >90% ee 
(CH3 ) 2CO3H / Ti(O'Pr) 4 
10- 
CH2Cl2 / -20 OC 	 0): 	OH 
Scheme 34 
This epoxidation procedure gives high asymmetric induction with a 
wide range of substitution patterns in the allylic alcohol substrate. In 
addition, with a given tartrate enantiomer, the epoxide oxygen is 
delivered from the same face of the double bond regardless of the 
substitution pattern present. For example, if the olefinic unit is drawn in 
the plane, with the hydroxymethyl moiety at the lower right, (Scheme 34) 
the use of (+)-diethyltartrate leads to addition of the epoxide oxygen from 
the bottom face. Alternatively, when (-)-diethyltartrate is employed, the 
epoxide oxygen is added to the top face. 
The original procedure reported 47 required the use of stoichiometric 
amounts of titanium catalyst, but a later modification now allows the 
asymmetric epoxidation to be carried out with just 10-15% catalyst. This 
is achieved by the use of molecular sieves (zeolites), which are used to 
exclude moisture and thus prevent hydrolysis of the intermediate 
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titanium complex. The advantages reported of using a catalytic amount of 
titanium catalyst include economy,, mildness of conditions, ease of 
isolation of products and the potential for in situ derivatisation. 
Sharpless has used this catalytic asymmetric epoxidation procedure 
for the synthesis of the 3-adrenergic blocking agent, (2S)-propanolol 49 
(100) (Scheme 35). After the epoxidation reaction, the key step in this 
synthesis was the in situ opening of the unstable glycidol (98) by 1-
napthoxide to afford the diol (99). 
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Yield = 48% 
Scheme 35 
	
ee = 100% 
43 
2.2.3 'CBS' Reduction of Aldehydes and Ketones ('Molecular 
Robots') 
E.J. Corey has described a new method for the catalytic 
enantioselective reduction of ketones to secondary alcohols 50 ' 51  (Scheme 
36). The reducing agent is borane (BH 3) and the catalyst employed is a 
chiral oxaborolidine (101). These catalysts have been termed 'molecular 
robots', in view of the precision with which they react and constrain the 
reactants in three dimensions; the reduction process itself has become 
known as a 'CBS' reduction (after its developers, Corey, Bakshi, bibata). 
H Ph 





RL = large group 
Rs  = small group 
H Ph 
CN)*h _ 





ee = 83-98% 
Scheme 36 
The stereoselectivities obtained with (101) as catalyst for the 
reduction of a wide range of ketones are excellent (ee > 90%). The 
diphenyl prolinol ligand can be easily recovered after work-up, making 
this method highly attractive for large scale synthesis. 
The mechanism of the reduction process has been elucidated and is 
depicted in Scheme 36. This proposed mechanism is consistent with the 
observed absolute stereochemistry of the reductions. 
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Since its introduction, the CBS reduction has developed into a 
highly useful synthetic method. It has been used in the synthesis of 
enantiomerically pure Fluoxetine 52 (102), an antidepressant and 











Very recently, Corey has extended the use of chiral oxaborolidines 
to conduct catalytic asymmetric Diels-Alder reactions 53 . Thus, the (5)-
tryptophan derived oxaborolidine (104) has been used as the chiral 
catalyst in the Diels-Alder reaction between 2-bromoacrolein (103) and 
45 
cyclopentadiene, and gave (R)-bromoaldehyde (105) in 95% yield, with 













5equiv 0 (105) 
 
-78 °C / 1h 
	
Yield = 95% 
enantioselectivity (A : S) = 200 : 1 
Scheme 38 
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2.3 The Use of Chiral Reagents 
In this approach to asymmetric synthesis, a chiral reagent is used 
to convert a prochiral substrate directly into a chiral product. In common 
with the chiral auxiliary approach, this method suffers from the 
disadvantage that a stoichiometric amount of the chiral component is 
needed for reaction. 
A selection of some chiral reagents are described below: 
2.3.1 Chiral Boron Reducing Agents 
A class of chiral reagents that have proved extremely valuable are 
the chiral borane reagents which can be used for the asymmetric 
reduction of aldehydes and ketones. For example, reagent (108) , which 
is formed by reduction of (+)-a-pinene (106) with 9-
borobicyclo[3.1.1]nonane (107), has been used to reduce a variety of 
ketones in high enantiomeric excess (Scheme 39) This asymmetric 
reduction can be carried out to give the opposite enantiomer by using the 
corresponding reagent derived from (-)-c-pinene. 
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2.3.2 Chiral Hydroboration Reagents 
The reagents formed from borane and one or two equivalents of a-
pinene, for example (109) and (110), can be used to conduct hydroboration 
reactions asymmetrically 55 , as shown in Scheme 40. Reagent (109) is the 
more reactive (and less hindered) and is the reagent of choice for the 














yield = 71% 
ee > 99 % 
Scheme 40 
2.3.3 Asymmetric Aldol Reactions Using Boron Reagents 
Chiral boron reagents can be used to carry out asymmetric aldol 
reactions. For this purpose, inexpensive and readily available (+)- and (-)-
a-pinene derived chiral ligands on boron triflates have been used 56 
(Scheme 41). In order to achieve optimum results, these reagents are used 
with a tertiary amine (for example, triethylamine or 
diispropylethylamine), in methylene chloride solvent. In the example 
shown in Scheme 41, diethyl ketone (112) is enolised by the chiral boron 
triflate (111) to give the chiral boron enolate (113), which then adds to 
methacrolein at 0 OC to give the syn stereoisomer (114) in 75% yield, and 
90% enantiomeric excess. Other aldehydes are reported to give similar 
results. The enantiomeric aldol products can be obtained by using the 
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2.3.4 Chiral Lithium Amide Bases 
Another important class of chiral reagents are the chiral lithium 
amides which can be used as bases for the asymmetric alkylation of 
ketones57 . For example, 2,6-dimethylcyclohexanone (117) can be easily 
deprotonated with the chiral lithium amide (115), and then alkylated with 
allyl bromide, to furnish (118) (Scheme 42). The stereoselectivity in this 
reaction is however poor (ee=25%). 
CHH





(117) 	 (118) 
Yield =65% 
ee=25% 	 j 
Scheme 42 
The camphor derived lithium amide base (116) has been used to 
generate the intermediate enolate of (117), which was then trapped on 
oxygen using trimethylsilyl chloride to give chiral silyl enol ether (120) 
with good enantiomeric excess (66%) (Scheme 43). This silyl enol ether 
(120) was subsequently employed in a short synthesis of the naturally 
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Scheme 43 
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2.4 The Use of Naturally Occuring Chiral Starting Materials 
(Chiral Pool Approach) 
The chiral pool refers to the vast number of abundant, naturally 
occuring homochiral compounds. These include carbohydrates, amino 
acids, terpenes, and chiral hydroxy-acids such as (L)-tartaric acid and (S)-
malic acid. These compounds offer a rich source of chiral functionality and 
chemical modification of these molecules in controlled manner is an 
extremely efficient way of producing optically pure compounds 58 . 
An example which illustrates this approach is the synthesis of the 
glycosidase inhibitor deoxymannojirimycin, 59 (123) from glucose (122) 
(Scheme 44). This molecule is easily related to glucose (122) by removing 
the hydroxyl group at C-i and replacing the ring oxygen by nitrogen. 
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a) 1) WI1-120, ii) CH3SO2CI. iii) NaN3 , iv) PhCH2Br/NaH; b) 1) W/MeOH ii) (CF3S02)0; C) i) PPh3 , ii) PhCH20.COCI; 
d) H/H20; e) NaBH4 , ii) H2/Pd 
Scheme 44 
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It is interesting to note that almost all of the chiral auxiliaries 
discussed in section 2.1 were synthesised by utilising the chiral pool 
approach. The starting materials in the majority of cases were amino 
acids or terpenes. 
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2.5 Resolution of Racemic Mixtures 
This is the oldest method for producing optically pure compounds. 
In this technique, a racemic mixture (±M) is combined with an optically 
pure resolving agent (+R*) to generate a mixture of diastereomers 
(Scheme 	45). Since these possess 	different physical and chemical 
properties, they can be separated by techniques such as fractional 
crystallisation or column chromatography. After the separation of these 
diastereomers, the resolving agent can be removed to furnish each of the 
pure enantiomeric products. 
M _________________ 	F (+)M  (+)Ri (±) 
racemic 	




(-)M + (+)M 	remove 	 + 
recovered 	resolved 	resolving agent 
resolving agent 	components (-)M (+)R* 
Scheme 45 
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There are a large number of resolving agents available 60 and the 
particular one employed depends on the type of compound that needs to 
be resolved 
The naturally occuring chiral alkaloids, brucine (124) and 
strychnine (125), have been used for many years for the resolution of 









Similarly, camphor- 10-sulphonic acid (126), 3-bromocamphor- 10-
sulphonic acid (127) and camphanic acid (128) have been used for the 










In addition to the above resolving agents, which rely on salt 
formation, there are also a large number available which function by 
forming covalent bonds with the components to be resolved. A good 
example is the very recently introduced 61 (+)-1-(fluorenyl)-ethyl 
chloroformate (129), known as FLEC (Scheme 48). This is a highly 
vesatile resolving agent which can be used for the resolution of racemic 
amines, amino acids and alcohols. After the separation of the 






















Another highly efficient resolving agent that can be used for the 
resolution of racemic amines is the chiral oxazolidinone (130) developed 
by Pirkle62 . A typical resolution procedure involving this reagent is shown 
in (Scheme 49). The oxazolidinone (130) is first acylated with sodium 
hydride and phosgene to give the crystalline carbamoyl chloride (131). 
This then reacts with the racemic amine to form a diastereomeric pair of 
allophanates (132), which can be easily separated by column 
chromatography. After separation, optically pure carabamates (138) can 
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be recovered from the diastereomeric allophanates by removing the 

























An interesting variation on classical resolution arises if there is the 
possibility of in situ racemisation. It is then possible to get complete 
conversion of the racemic mixture to a single enantiomer. 
An elegant example of this process has been reported by Reider 63 
(Scheme 50). In this, addition of a catalytic amount (3 mol%) of the 
aromatic aldehyde, 3,5-dichlorosalicylaldehyde (134), to (±)-3-
aminobenzodiazepjnones (133) results in an equilibrium concentration of 
imine (135); the resulting increase in the acidity of the a-proton allows the 
chiral centre to racemise spontaneously. In the presence of camphor-lO-
suiphonic acid (CSA), the crystalline (3S)-amine-CSA salt is removed from 
the system as a result of its insolubility, thus driving the equilibrium 
forward. The (3R)-amine component of (133) is therefore continuously 
shunted through imines (135) and (136) to the desired (3S)-amine (137). 
The above resolutionlracemisation procedure has been termed a 
deracemisation. 
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L Programme of Research 
The aim of this research project was to synthesise a variety of novel 
chiral oxazoliclinones, (Fig. 5), which, it was hoped, would function as 
efficient chiral auxiliaries; if the synthesis of these oxazolidinones proved 
successful, then their efficiency as chiral auxiliaries would be investigated 






A brief overview of chiral oxazolidinones and there use as highly 
efficient chiral auxiliaries was given in the introduction. The 
oxazolidinone ring system is a particularly attractive feature to 
incorporate into a chiral auxiliary for the following reasons 64  
It can be easily functionalised on nitrogen by electophiles 
such as acid chlorides, phosgene etc; this allows the chiral 
auxiliary to be easily attached onto substrates. 
Its N-acyl derivatives can be cleaved under very mild 
conditions; this allows the chiral auxiliary to be easily 
removed after an asymmetric transformation without 
destroying any of the newly created chiral centres. 
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3) 	The carbonyl group on the ring provides a chelation centre, 
which is an important requirement if high levels of 
asymmetric induction are to be achieved. 
The synthetic route chosen for the synthesis of the new chiral 
oxazolidinones used as starting materials cheap, readily available chiral 
alcohols and involved a stereospecific intramolecular mtrene*  insertion 























(150) 	 (149) 
chiral 2-oxazolidinone 	 nitrene intermediate 
Scheme 60 
* 	
Nitrenes (R-N:) are highly reactive monovalent nitrogen species. The two non-bonded 
electrons of a nitrene can be either paired or unpaired. If they are paired, the species is in the 
singlet state; if they are unpaired, the species is in the triplet state. 
The ground state of most nitrenes is the triplet state, but nitrenes can be generated in 
both triplet and singlet states. The reactions of the singlet and triplet nitrenes differ. The triplet 
state of the nitrene readily undergoes hydrogen abstraction reactions with potential hydrogen 
donors, wheras the characteristic reaction of singlet nitrenes is C-H bond insertion, which 
invariably proceeds with complete retention of configuration. It is known that singlet nitrenes 
insert into C-H bonds with the preference 3 0 > 20 > 10 (the ratio of 30:10:1 has been found 65  
for solution thermolysis). 
In this scheme, the starting chiral alcohol (146) is first converted 
into the chloroformate (147) and then into the azidoformate (148). This is 
then decomposed, thermally, to generate the mtrene intermediate (149), 
which can then insert intramolecularly and stereospecifically to give the 
chiral oxazolidinone (150). This nitrene insertion route to chiral 
oxazolidinones has been used previously by Paryzek 65 and by Alewood66 
in the field of steroid chemistry. 
The chiral substrates selected for investigation were all available 
from the chiral pool and are illustrated in Scheme 61. The work 
undertaken with each of these subsrates will be discussed in the following 
sections. 
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2. Chiral Auxiliary from a-D-Galactose 
(Incorporating Isopropylidene Groups) 
2.1 Synthesis of Auxiliary 
The synthesis of the chiral auxiliary (156) from cx-D-galactose is 
given in detail in Scheme 62. The great advantage of using the 
carbohydrate a-D-galactose as a starting material was its very low cost. A 
disadvantage, however, was that only one enantiomeric form was 
available. 
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Scheme 62 
In the initial step of this synthesis, a-D-galactose (151) was treated 
with acetone, zinc chloride and a catalytic amount of concentrated 
sulphuric acid to form the diisopropylidene derivative (152). This was 
then converted into the chioroformate (153) using phosgene in the 
presence of pyridine. This step was found to proceed in quantitative yield 
provided that the alcohol solution was added very slowly to the phosgene. 
Faster rates of addition gave rise to substantial amounts of the carbonate 
by-product (157), formed by reaction between the alcohol (152) and the 
chioroformate (153) (Scheme 63). 
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Chloroformate (153) was next converted smoothly, and in high 
yield, into the azidoformate (154) using sodium azide under phase-
transfer catalysis conditions; the phase-transfer catalyst used was 
tetrabutylammonium bromide (TBAB). 
The final step of the synthesis involved decomposition of the 
azidoformate (154) to generate the intermediate nitrene (155), which 
could then insert intramolecularly and stereospecifically to afford the 
spiro-oxazolidinone (156). In order to carry out this decomposition step, 
several methods were tried: Flash vacuum pyrolysis proved unsuccessful 
due to the involatile nature of azidoformate (154). Photolytic 
decomposition employing a 400 W mercury immersion lamp was of limited 
success, furnishing only a very low yield (25%) of oxazolidinone (156). 
The method which gave optimum results was found to be solution 
thermolysis using 1,1,2,2-tetrachloroethane (TCE) as solvent. This solvent 
was chosen for two important reasons: First, it possessed a suitably high 
boiling point (147 °C) needed for the smooth decomposition of the 
azidoformate. Second, it had been reported in the literature 67 that 
polychlorinated solvents, especially those bearing two geminal chlorine 
atoms in their structures, are inert to nitrene attack. A drawback of using 
this solvent, however, was its toxicity: It is known to be a severe poison 
which is readily absorbed through the skin 68. For this reason, all work 
utilising this solvent was conducted in a well ventilated fume cupboard, 
and gloves were worn at all times. 
To achieve optimum results, the thermolysis experiment was 
conducted by adding a solution of the azidoformate (154) in TCE, 
dropwise, onto boiling TCE. Dilute conditions were employed (typically a 
volume of solvent which gave a 1% solution was used) in order to 
minimise intermolecular reactions and thus reduce tar formation. 
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Use of this procedure afforded the spiro-oxazolidinone (156) in 55% 
yield after column chromatography. No other products were formed and 
the remaining mass balance was attributed to tar formation caused by 
charring of the substrate. 
Physical Properties of Oxazolidinone (156) 
The spiro-oxazolidinone (156) is a colourless, highly crystalline 
solid (Mp = 169-170 oC). An X-ray crystal structure has been obtained, 
(Fig. 6), and this shows that the six-membered pyranose ring adopts a 
boat conformation. This boat is slightly distorted, probably due to strain 
imposed by the diisopropylidene protecting groups. It is thought that this 
particular conformation is stabilized by hydrogen-bonding between the 
N(4)-H and the oxygen atoms of the isopropylidene groups (full 
crystallographic data can be found in appendix B, structure 1) 
9 
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Throughout this thesis, the structure of the spiro-oxazolidinone will be 
represented as the planar Haworth structure (156) given in Scheme 62. 
Generation of Nitrene (155) by a-Elimination - The Lwowski Approach 
As an alternative to the above azidoformate decomposition 
procedure, another method for generating the nitrene intermediate (155) 
was investigated. This involved synthesis of the para-
nitrobenzenesulphonoxy carbamate (159) (an analogue of Lwowski's 
reagent, EtOCO.NHOS02NO 2 )69 (Scheme 64). The synthesis of (159) 
was achieved by converting the chioroformate (153) into the 
hydroxylamine (158) using hydroxyammonium chloride and potassium 
carbonate. Subsequent treatment of hydroxylamine (158) with para-
nitrobenzenesulphonoxy chloride, with careful addition of triethylamine, 
furnished (159) in good yield (74%). 
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It was envisaged that the addition of base to (159) would result in 
a-elimination of the suiphonoxy group to form the mtrene (155), which 
would then insert intramolecularly, as before, to give oxazolidinone (156) 
(Scheme 65). 
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To conduct this a-elimination process, the method of Lwowski was 
adopted69. This entailed adding a solution of triethylamine to a dilute 
solution of the suiphonoxy carbamate (159) in methylene chloride. This 
procedure resulted, however, in a highly complex mixture of products. It 
was possible to isolate two of these products by flash column 
chromatography and these were identified as the desired oxazolidinone 
(156) (15%) and the carbamate (139) (10%). The formation of carbamate 
(139) suggests that, under the mild reaction conditions employed in this 
reaction, some nitrene (155) is generated in the triplet ground state, 
which then readily abstracts a proton from the solvent or from another 
molecule of substrate to give the carbamate (139) (see footnote, page 61). 
2.2 Applications of Auxiliary (156) 
Having synthesised the novel chiral oxazolidinone (156), the next 
area of interest was to evaluate its efficiency as a chiral auxiliary. In 
order to do this, it was employed in a number of different asymmetric 
reactions and these are discussed in the following sections. 
2.2.1 Asymmetric Lewis Acid Catalysed Diels-Alder Reactions 
The first application of oxazolidinone (156) to be investigated was 
the Lewis acid catalysed asymmetric Diels-Alder reaction. 
The asymmetric Diels-Alder reaction is one of the most important 
and versatile reactions in organic chemistry; some excellent reviews 
dealing with this reaction are available 70 ' 71 . An important development of 
this reaction over recent years has been the increased use of Lewis acid 
catalysts. These catalysed reactions, as well as proceeding at a much 
faster rate, also exhibt dramatically increased regio and stereoselectivities 
compared with uncatalysed reactions. 
The effect of the catalyst on the course of the reaction has been 
rationalised by the application of frontier molecular orbital theory 72 . 
Thus, in a normal Diels-Alder reaction (that is one involving an electron 
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deficient dienophile and an electron rich diene), the most important 
interaction is that between the lowest unoccupied molecular orbital 
(LUMO) of the dienophile and the highest occupied molecular orbital 
(HOMO) of the diene (Fig. 7). Electron-withdrawing groups on the 
dienophile, or the coordination of a Lewis acid with a suitable electron 
donor on the dienophile, lowers the energy of the LUMO (dienophile) 
relative to that of the HOMO (diene), and thus decreases the energy 
separation between the LUMO (dienophile) and HOMO (diene), leading to 
a greatly accelerated reaction. The increased regio and stereoselectivities 
in these catalysed reactions arises from the changes in the sizes of the 
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Figure 7 
The employment of oxazolidinone (156) in an asymmetric Diels-
Alder reactions, with cyclopentadiene and diethylaluminium chloride as 
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The crotonate (161) (R=CH3) and cinnamate (162) (R=Ph) 
dienophiles were both easily prepared, in good yield, by treating 
oxazolidinone (156) with n-butyl lithium, at -78 O,  in THF, followed by 
acylation with the relevant acid chloride. In the synthesis of the acrylate 
(160) (R=H), however, this method gave rise to a very poor yield (25%), 
which was be attributed to polymerisation of the product. 
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To try and overcome this problem of polymerisation, the alternative 
method developed by Evans 12 was used (Scheme 67). In this, the 
oxazolidinone (156) was treated with methyl magnesiun bromide to 
generate the magnesium species (166). This species, having less anionic 
character, had less tendancy to induce polymerisation. Subsequent 
acylation of (166) with acryloyl chloride afforded the desired acrylate (160) 
in moderate yield (63%), together with a little of the 0-acrylate ester (167) 
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Scheme 67 
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The asymmetric Diels-Alder reactions were conducted by adding a 
solution of diethylaluminium chloride catalyst (1.4 equivalents) to a 
cooled, stirred mixture of the dienophile and freshly cracked 
cyclopentadiene (10 equivalents), in methylene chloride solvent. On 
addition of the catalyst, a deep yellow colour developed which faded when 
reaction was complete. The reactions with the acrylate (160) and the 
crotonate (161) dienophiles were conducted at -78 O(,  wheras reaction 
involving the less reactive cinnamate (162) was conducted at -20 0C. After 
completion of the reaction, the crude products were subjected to flash 
column chromatograhy in order to to remove excess cyclopentadiene. The 
resulting material was then analysed by 360 MHz 1H NMR spectroscopy 
to determine the diastereoselectivity of the reaction. The signals of 
interest in these spectra were the doublet of doublets in the chemical shift 
range 5.50-6.50 ppm, arising from the alkenic protons of the Diels-Alder 
products. Integration of these signals allowed the endo lexo selectivity as 
well as the diastereomeric excess of the endo diastereomers to be 
determined. The results obtained are presented in Table 1. 
• Table 1: 	Lewis acid catalysed Die/s-Alder reaction between dienophiles 
(160-162) and cyclopentadiene. 
Dienophile Temp ,' °c Yield I % endo exo endo de % 
Acrylate -78 83 98 : 2 80 
(160)  
Crotonate -78 98 99: 1 89 
(161)  
Cinnamate -20 99 98: 2 92 
(162)  
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It can be seen from this table that the endo:exo selectivity is 
excellent for each of the reactions, as is the endo diastereomeric excess. 
The above results compare very favourably with those reported by 
Evans 12  using the (S)-valine derived auxiliary (28), (Table 2), and those 
reported by Oppolzer23 using the camphor derived sultam auxiliary (171), 
(Table 3). 
Table 2: 	Lewis acid catalysed Die/s-Alder reaction between Evans' 
dienophiles and cyclopentadiene. 
OA N~& R 




Dienophile Temp / oc Yield / % endo . exo endo de % 
Acrylate -100 81 > 100: 1 86 
Crotonate -100 82 48: 1 90 
Cinnamate -20 83 complete 86 
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Table 3: 	Lewis acid catalysed Die/s-Alder reaction between Oppo/zers 




Et2AICI I CH2Cl2 
Dienophile Temp / °C Yield / % endo exo endo de % 
Acrylate -130 93 99.5 	0.5 93 
Crotonate -78 91 96: 4 98 
Cleavage of Diels-Alder Adducts and Determination of Absolute 
Having conducted a number of successful asymmetric Diels-Alder 
reactions, it was next necessary to determine the absolute stereochemistry 
of the major product diastereomers. To do this, each of the Diels-Alder 
adducts (163-165) was subjected to cleavage using lithium benzyloxide 
(LiOCH2Ph) (Scheme 68). This afforded the chiral benzyl esters (168 - 

















chiral esters with the literature values 12 indicated that the absolute 
stereochemistry was as shown in Scheme 68. 
00 H 0 
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)co 
Scheme 68 
This stereochemical assignment was later confirmed by obtaining 
an X-ray crystal structure of the acrylate derived Diels-Alder adduct (163) 




In this cleavage experiment, 1H NAM and 13c  NAM evidence 
revealed that the recovered chiral auxiliary had undergone epimerisation 
about the spiro-carbon atom to afford a mixture of the (5R) and (5S) 
diastereomers. These two diastereomers could not be separated, owing to 
their almost identical Rf values. The 'H NMR of this mixture, however, 
indicated that these two diastereomers were present in the ratio of 56% 
(5S ):44% (5R). 
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In this sequence, the Lewis acid catalyst plays two important roles: 
First, it chelates with both carbonyl groups of the dienophile, forming the 
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rigid, highly immobilised complex (172). As a consequence, rotation about 
the endocyclic N-C=O bond is prevented. In addition, by increasing the 
electron deficiency of the die nophile (and therefore lowering the energy of 
the LUMO), it makes the dienophile much more reactive. Cyclopentadiene 
approaches the immobilised complex (172) from the Ca-Re face (front face 
as drawn), which models clearly show to be the least hindered; the other 
face can be seen to be sterically encumbered by the 7,8-isopropylidene 
group. Reaction proceeds via the kinetically favoured endo transition state 
to give the Diels-Alder adducts with the observed stereochemistry. 
In addition to the above experiments, a Lewis acid catalysed Diels-
Alder reaction involving acrylate (160) and the unsymmetrical diene, 
isoprene, was also carried out (Scheme. 70). This resulted in the formation 
of a single regioisomer (140) in good yield (89%), and only one 
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Scheme 70 
Cleavage of adduct (140) using lithium beniyloxide, (Scheme 71), 
produced the benzyl ester (141), and this was found to possess the 
absolute stereochemistry shown. This, again, is the stereochemical 
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[aID (lit.  12) = +62.90 (for enantiomer) 
Scheme 71 
2.2.2 Asymmetric 1,4-Con4ugate Addition Reaction 
In addition to its use as Lewis acid catalyst for Diels-Alder 
reactions, diethylaluminium chloride can also be used as a highly efficient 
source of ethyl nucleophiles. Use was made of this property to conduct an 
asymmetric 1,4 conjugate addition reaction on cinnamate (162) (Scheme 
72). Treatment of a solution of the cinnamate (162) with four equivalents 
of diethylaluminium chloride, at -78 °C, in methylene chloride solvent, 
gave the chiral n-branched product (173) in good yield (95%). Analysis of 
the crude product from this reaction by 200 MHz 1H NMR spectroscopy 
DE 
indicated that the two possible diastereomeric products had formed in the 












Yield = 95 % 
Diastereomer ratio, R S = 93 : 7 
Scheme 72 
The absolute configuration about the newly created chiral centre of 
the major diastereomer (173) has not been determined, but it is 
tentatively assigned as (R). This is the configuration that arises by 
delivery of the ethyl nucleophile to the less hindered Ca-Re face (front 
face as drawn) of the cinnamate double bond. 
It is important to note that these 1,4-conjugate addition reactions 
are strongly dependent on the quantity of diethylaluminium chloride 
used. Addition of one equivalent leads only to rapid complex formation but 
no reaction. Use of two or greater equivalents generates the p-branched 
product. 
Kunz has carried out a similar reaction to the above, using the 
xylofuranose oxazinone (174) as the chiral auxiliary 73 (Scheme 73). The 
two product diastereomers were formed in a ratio of 87% (3S):13% (2R) 
(giving a diastereomeric excess = 74%), 
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diastereomer ratio, S : A = 87: 13 
Scheme 73 
Kunz has also demonsrated that Evans' benzyl substituted 
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Yield = 98 % 
Diastereomer ratio, S : A = 93 : 7 
Scheme 74 
2.2.3 Asymmetric Nitrite Oxide Cyctoaddition Reaction 
Although high levels of asymmetric induction can be obtained in 
Diels-Alder and other cycloaddition reactions with the aid of Lewis acid 
cataly5it is generally much more difficult to obtain comparable levels of 
asymmetric induction in the absence of such catalysts. The reason for this 
is that Lewis acids are needed to chelate with substrates to give rigid, 
highly immobilised complexes. 
To acertain how chiral acrylate (160) would perform in a 
cycloaddition reaction in the absence of a Lewis acid catalyst, it was 
employed in a nitrile oxide cycloaddition reaction (Scheme 75). It is 
essential to note that Lewis acids cannot be used for this particular 
reaction as nitrile oxides have the ability to function as strong Lewis 
bases and consequently bind to the catalyst rendering it inactive. 
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Et3N / ether 
16 hrs 
(160) 
   
(178) 
Yield =98 % 
Diastereomer ratio = 64 36 
Scheme 75 
The nitrile oxide cycloaddition reaction was carried out by adding a 
solution of triethylamine, in ether, to an ice-cooled solution of the acrylate 
(160) and benzohydroximoyl chloride, also in ether. The amine was added 
very slowly (over 16 hours by syringe pump) in order to maintain a very 
low concentartion of the in situ generated nitrile oxide and thus prevent 





In the isoxazoline product (178), a single new chiral centre has been 
generated; consequently, there are two possible diastereomeric products. 
The diastereoselectvity of this reaction was determined from the 200 MHz 
lB NMR of the crude product. Integration of the doublet of doublet 
signals (5.20-6.20 ppm), arising from the Chii'aL cea*r proton 
adjacent to the caoeiyI substituent, revealed that the two product 
diastereomers had formed in the ratio of 64:36 (giving a diastereomeric 
excess = 28%). 
The low level of asymmetric induction achieved in this reaction is 
not unexpected and can be explained by the fact that rotation about the 
endocyclic N-C=O bond of the dipolarophile (160) can occur freely as there 
is no Lewis acid present to chelate with the carbonyl groups; both faces of 
85 
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Scheme 76 
There are in the literature a few chiral auxiliaries that are able to 
induce very high levels of stereoselectivity in nitrile oxide cycloadditions. 
One of these is Oppoizers chiral sultam 24 (180) (Scheme 77). 
Cycloaddition of the acrylate (180) with in situ generated 2,2-
dimethyipropane nitrile oxide was found to give a 95:5 mixture of the 
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Yield = 73 % 
Diastereomer ratio, R : S = 95 : 5 
Scheme 77 
In this particular example, the high level of stereochemical 
induction is due to the fact that rotation about the N-C=O bond in (180) is 
severely restricted by the unfavourable dipole/dipole interactions which 
arise when C=O and S-O are alligned. Conformation (A) lacks this 
unfavourable interaction, and attack of this by the nitrile oxide from the 
top face of the double bond gives isoxazoline (43) with the observed 
stereochemistry. 
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2.2.4 Asymmetric Aldol Reaction 
The next series of applications investigated were those involving 
pre-formed lithium enolates. The first of these to be studied was the 
asymmetric aldol reaction. 
rOMMM We  V1 
The asymmetric aldol reaction is one of the most useful C-C bond 
construction reactions in organic chemistry, and a number of excellent 
reviews dealing with this reaction are available 75 ' 76 . 
In a normal aldol reaction involving a prochiral ketone, four 
diastereomeric products can be formed; namely the two erythro isomers 
and the two threo isomers. Heathcock 77 has shown that the geometry of 
the reacting enolate is crucial in establishing the configuration of the 
aldol product (Scheme 78). Z-enolates have been shown to yield erythro 
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It is thus apparent that, to obtain high stereoselectivity in an 
asymmetric aldol reaction, both the WE geometry of the enolate and the it-
facial selectivity needs to be controlled. 
The employment of auxiliary (156) in a lithium enolate mediated 
asymmetric aldol reactionsis illustrated in Scheme 79. 
00 











00 	 00 
0 	PhCHO 





Yield =99 % 
de = 73% 
Scheme 79 
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The substrate for this reaction was the N-propionyl imide (183), 
which was prepared in good yield by treating a solution of oxazolidinone 
(156), in THF, with n-butyl lithium at -78 OC, followed by acylation of the 
resulting anion with freshly distilled propionyl chloride. An X-ray crystal 
structure of imide (183) has been obtained, (Fig. 10), and this shows 
clearly that the pyranose ring of the auxiliary adopts a twisted boat 
conformation. It should be noted that this boat conformation is different 
from that adopted by the parent oxazolidinone (156). It can further be 
seen by close examination of models that, when both carbonyl groups are 
alligned, one face of the oxazolidinone ring is efficiently shielded by the 
diisopropylidene groups. Reactants and reagents are therefore expected to 




The asymmetric aldol reaction was conducted by deprotonating 
imide (183) with lithium diisopropyl amide (LDA), and then treating the 
resulting Z-lithium enolate (142) with freshly distilled benzaldehyde (the 
Z-geometry of this enolate was established in a later experiment by 
trapping it with acetyl chloride and then obtaining an X-ray crystal 
structure of this trapped product - see acylation experiment in section 
2.2.5). To prevent equilibration of the product in the strongly basic 
reaction medium, and so allow the kinetic ratios to be determined, the 
reaction was quenched quickly after only 2 minutes. 
The diastereomer product ratios resulting from this reaction were 
determined by analysing the 360 MH2 1H NMR spectra of the crude 
product. The most informative region in this spectrum was the chemical 
shift range 4.80-5.10 ppm, where the doublet resonances arising from the 
carbinol proton (PhCH-OH)  of each diastereomer appeared. Integration of 
these signals indicated that two erythro isomers and one threo isomer had 
been formed in the ratio of 89:6:5 respectively, giving a diastereomeric 
excess of 78%. A single recrystallisation of the crude product increased 
this value to over 95% (with 68% recovery of material). 
The above erythro/threo assignments were made by measuring the 
vicinal coupling constants of the carbinol protons, and using the known 
fact77 that, for this proton, 3ethro  is typically 3-6 Hz, and 3threo  is 
typically 7-9 Hz; the values found in this reaction were 3Je,.ythro=5.2 Hz, 
and 3j threo 8.6 Hz. 
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To determine the absolute configuration about the newly created 
chiral centres, the aldol adduct (184) was subjected to reductive 
cleavage 14  using lithium borohydride in the presence of one equivalent of 
water (Scheme 80). This produced the chiral diol (185) in good yield as a 
colourless, low melting solid. 
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Scheme 80 
A comparison of the optical rotation of diol (185) with the literature 
value22 established its absolute configuration as (1S f 2R). Additional 
confirmation of this stereochemical assignment was provided by the X-ray 
crystal structure of aldol adduct (184) (Fig. 11), (see appendix B, structure 
3, for full crystallographic data). 
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Figure 11 
Unfortunately, spectroscopic evidence revealed that, once again, the 
recovered chiral auxiliary had undergone epimerisation about the spiro-
carbon atom to yield a mixture of the (5R) and (5S) diastereomers; these 
could not be separated. 
The active reducing agent in this reductive cleavage process is 
thought to be the hydroxyborohydride ion (BH30H), which can form in 
situ from lithium borohydride and water. Reed and Jolly 78 have 
previously reported the use of BH30H as a stable and powerful reducing 
agent for the reduction of esters, nitriles and nitro compounds. 
NK 
The stereochemistry which arises in the above aldol reaction can be 
rationalised by assuming that the reaction proceeds via the six-membered 
chair transition state (186) (Scheme 81). This is known as the 
Zimmer/Traxler transition state mode1 79. In this transition state the 
lithium enolate adopts the Z-geometry, and the lithium counterion 
chelates simultaneously with the carbonyl oxygen on the oxazolidinone 
ring, the enolate oxygen and the aldehyde oxygen. The aldehyde adopts 
the orientation which places the phenyl group in the most stable 
equatorial position, and reaction takes place on the Ca-Re face of the 
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In order to gain a comparison of the above aldol result with a 
commercially available chiral auxiliary, the asymmetric aldol reaction was 
also performed using Evans' (S)-valine derived auxiliary (22) under 
identical conditions (Scheme 82). Analysis of the crude product from this 
reaction by 200 MHz 1H NMR revealed that, out of the four possible 
diastereomers, two eiythro (3J=  4.8 Hz) and one threo (3J= 7.7 Hz) isomer 
had been formed in the ratio of 24:10:66 respectively, giving the very low 
diasteromeric excess of 32%. 










It has been reported by Evans 11 and others22 ,44  that very high 
levels of asymmetric induction can be achieved in asymmetric aldol 
reactions if boron enolates are used instead of lithium enolates. For 
example, the lithium enolate mediated asymmetric aldol reaction between 
isobutyraldehyde and the (S)-valine derived chiral imide (22), was found " 
to give a mixture consisting of all four possible diastereomeric products 
(Scheme 83). In marked contrast, the same reaction employing the boron 
enolate, which was generated using dibutylboron triflate (Bu2BOTf) and 
95 
diisopropylethylamine (Pr2NEt), gave a single diastereomer (187) 
(diastereomeric excess > 
OA N) 
i) LDA 	(22) 	 Bu 2BOTf / 'Pr2NEt 
ii) 	 CHO 
mixture of 	 0 	0 	OH 
4 diastereomers 
erythro ratio = 497: 1 
(is7) 
Scheme 83 
The higher levels of asymmetric induction which are achieved with 
boron enolates has been explained by the shorter boron-oxygen bond 
length (B-O = 1.36-1.47 A) compared with the lithium-oxygen bond length 
(Li-O = 1.92-2.00 A). This leads to the formation of a very tight transition 
state (Fig. 12) in which steric interactions are greatly amplified 80. The 
large steric bulk of the butyl ligands on boron also play an important role 
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Use of commercial dibutylboron triflate to generate the boron 
enolate of imide (183) led, rather dissapointingly, to an intractable tar 
(Scheme 84). This tar was found to be insoluble in almost all organic 
solvets, which possibly indicated that hydrolysis of the isopropylidene 
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The failure of imide (183) to react successfully was attributed to the 
poor quality of commercial dibutylboron triflate reagent. This reagent is 
expensive, extremely air and moisture sensitive and goes of rapidly, even 
when thoroughly sealed and stored in a dessicator. 
In view of the above difficulties, and considering the expense 
involved, it was decided not to pursue the studies with boron enolates 
further. 
It is worth noting that difficulties with commercial dibutylboron 
triflate reagent have been reported by other workers 81'82 . 
2.2.5 Asymmetric Acylation Reaction 
Another lithium enolate reaction investigated was the asymmetric 
acylation reaction. This was conducted according to Scheme 85. 
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The chelated Z-enolate was generated from imide (183) by means of 
lithium diisopropylamide as before. This was then treated with a solution 
of freshly distilled acetyl chloride in an attempt to obtain the 
enantiomerically pure C-acylation product (188). It transpired, however, 
that the product from this reaction, which was formed in excellent yield 
(87%), was in fact the 0-acylation product (189). This was evident from 
the 200 MHz '-H NMR spectrum which showed a quartet centred at 5.50 
ppm (J=7.1 Hz), arising from the alkenic proton H a . 
The identity of the product was further confirmed from an X-ray 
crystal structure (Fig. 13); (full crystallographic data for (189) can be 
found in appendix B, structure 5). It is interesting to note that in this 
structure, the pyranose ring of the auxiliary adopts a chair conformation 
in marked contrast to other N-functionalised derivatives which have all 
been found -to adopt a twisted boat conformation. 
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Figure 13 
It can also be seen that the N-functionalised moiety in Fig. 13, 
possesses a Z-geometry (with respect to CH3 and 0); this provides strong 
evidence for the formation of the Z-enolate geometry under the above 
deprotonation conditions. 
In contrast to the above result, Evans 10 and others26 '43 have 
reported the formation of total C-acylation in similar enolate acylation 
reactions. For example, the acylation of the lithuim enolate derived from 
imide (22) with acetyl chloride produced a quantitative yield of the chiral 
C-acylation product (190), with excellent asymmetric induction 10 
(diastereomeric excess = 92%) (Scheme 86). 
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Similarly, acylation of the saccharine derived imide (191) furnished 
a quantitative yield of the C-acylation product (192), and again 
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Scheme 87 
To try and encourage the formation of the C-acylation product in 
Scheme 85, some modifications to the reaction conditions were made: 
Acylation of the enolate with different acid chlorides (propionyl 
chloride, pivaloyl chloride) resulted in only 0-acylation product, with no 
C-acylation product being observed. 
It has been suggested 83 that low polarity solvents have a greater 
tendency to encourage C-acylation over that of 0-acylation. Attempts at 
using a low polarity solvent (hexane) proved unsuccessful, however, due to 
the low solubility of imide (183) in this solvent. The use of a mixed solvent 
system (hexane/THF) afforded only a mixture consisting of the 0-
acylation product (189) and unreacted starting material. 
Conduction of the reaction by employing the method of Evans 10 , 
which involved reversing the order of addition of the reactants (ie, 
cannulating a solution of the lithium enolate onto a solution of the acid 
chloride) was also unsuccessful, leading, once again, to only the 0-
acylation product (189). 
In a final endeavour to promote C-acylation over that of 0- 
acylation, methylcyano formate (Manders reagent) was utilised as the 
101 
acylating agent. This reagent has been reported to overcome the problem 
of 0-acylation competing with C-acylation on preformed enolates 84. For 
example, during the synthesis of a griseofulvin analogue, yamato 85 and 
co-workers observed that acylation of (193) using ethyl chioroformate 
yielded mainly the 0-acylated product (194), whereas acylation of the 
almost identical substrate (195) with Manders reagent furnished the C-
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The employment of Manders reagent for the acylation of imide 
(183) was conducted as shown in Scheme 89. With this reagent, the C-
acylation product, ester (197), was produced in a yield of 60% and no 0-












Me00 	Yield =86 % 




In ester (197) a single new chiral centre has been created; 
therefore, there are two possible diastereomeric products. The 
diastereoselectivity of this reaction was. determined by examination of the 
200 MHz 1H NMR spectrum of the crude product . This revealed that only 
one diastereomer had formed, giving a diastereomeric excess > 
The absolute stereochemistry about the new chiral centre of product 
(197) is assigned as (R) since this is the stereochemistry which arises by 
reaction on the less hindered Ca-Re face (front face) of the lithium 
enolate. 
2.2.6 Asymmetric Alkylation Reaction 
A further lithium enolate reaction to be investigated was the 
asymmetric alkylation reaction. It is important to note that lithium 
enolates are very poor nucleophiles towards alkyl halides; consequently, 
these alkylation reactions need to be performed at temperatures of 
103 
between -10 0C and 0 0C, compared with the lower temperature of -78 °C 
which is normally used for other enolate reactions. At temperatures above 
0 °C, the lithium enolates are known to decompose. 

















The lithium enolate was generated from imide (183) using lithium 
diisopropylamide as before. This was next treated with an excess of benzyl 
bromide with the intention of obtaining the chiral benzylated derivative 
(198). It was discovered, however, that after stirring the reaction mixture 
at - 10 OC for several hours, no product had formed. On further prolonged 
reaction, the only compound detected was the oxazolidinone (156), which 
was presumably formed by decomposition of the enolate (142) via a ketene 
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Variation of the reaction conditions to try and promote this reaction 
were subsequently studied. 
Reaction of the lithium enolate with electrophiles possessing a 
better leaving group (methyl iodide, ethyl tosylate) led to no product 
formation. Similarly, conduction of the reaction in a variety of different 
solvents (THF, ether, DME) were also unssuccesful. 
It has been reported9 that sodium enolates are more stable and 
much more reactive towards alkyl halides at lower temperatures 
compared with lithium enolates. With this in mind, the sodium enolate of 
imide (183) was generated, (Scheme 92), using sodium 
hexamethyldisilazide (NaN(SiMe3)2) as base, and then this was treated 
with excess benzyl bromide at -10 0C. Once again, however, no alkylation 









	ii) excess PhCH 2Br 
(183) 
Scheme 92 
In a final endeavour to try and promote the alkylation reaction, an 
attempt was made to increase the nucleophilicity of the lithium enolate by 
adding, in separate experiments, the chelating diamines N,N,N',N'
tetramethylethylene diamine (200) (TMEDA), (Fig. 14), and N,N' 
dimethyl-N,N'-propylene urea (201) (DMPU, reported 86 to be a convenient 
substitute for highly toxic HMPA). Once again, however, no alkylation 
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Difficulties similar to those encountered above are not without 
precedent. For example, in an attempt to alkylate the lithium enolate of 
ketone (202) with ethyl bromoacetate, Alker 87 observed very slow reaction 
and obtained a poor yield of (203) (Scheme 93). The low yield was 
attributed to enolate decomposition as well as competing C/O alkylation. 
LiN(TMS)2 





2.2.7 ci-Rromination Reaction - Using N-Bromosuccinamide 
The final lithium enolate reaction to be investigated was an 
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Scheme 94 
107 
The lithium enolate was generated from imide (183) by means of 
lithium diisopropylaniide as before. This was subsequently treated with a 
solution of N-bromosuccinamide (NBS), at -78 O(,  in tetrahydrofliran 
solvent, to yield the chiral cz-bromo-imide (204). The diastereoselectivity of 
this reaction was determined by examination of the 200 MHz 'H NMR 
spectrum. Integration of the quartets at 5.5-6.0 ppm, arising from the 
chiral centre proton CH-Br, revealed that two diastereomers had been 
formed in the ratio of 85:15, giving a diastereomeric excess = 70%. This 
value was increased to greater than 95% after a single recrystallisation 
(with 78% recovery of material). 
In order to acertain the absolute configuration about the newly 
created chiral centre of product (204), the auxiliary was removed using 
lithium hydroperoxide 13 to furnish the chiral -bromo acid (205) (Scheme 
95). A comparison of the optical rotation of this acid with the value from 
the literature 107 , allowed the absolute configuration to be assigned as (R). 
As on previous occasions, the auxiliary underwent epimerisation about 
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Scheme 95 
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The stereochemistry observed above is in agreement with the 
bromine being delivered to the immobilised lithium enolate (142) from the 
least hindered Ca-Re face (front face as drawn) (Scheme 96). 
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Scheme 96 
The chiral a-bromo-imide products such as (207) are of great 
synthetic value as they can be used for the synthesis of chiral a-amino 
acids88 (Scheme 97). Thus, displacement of the bromine with azide, with 
concomitant inversion of stereochemistry, followed by removal of the 
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chiral auxiliary using lithium hydroperoxide, yields the azide acid (209); 
hydrogenation of the azide function finally generates the chiral a-amino 
acid (210). 
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An alternative cleavage procedure, which is reported to minimize 
racemisation, has been developed by Seebach 89. This relies on a titanium 
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2.2.8 Resolution of Racemic Compounds 
Another important application of chiral auxiliaries, in addition to 
their use as stereoselective control agents, is for the resolution of racemic 
mixtures. A brief account of resolution and resolving agents was included 
in the introduction. The efficiency of resolving agents which function by 
forming covalent bonds (as opposed to those which form salts) is usually 
measured by determining a quantity known as the separability factor, a; 
this quantity is obtained by HPLC analysis of the diastereomeric product 
mixtures formed by reaction between the resolving agent and the racemic 
mixture. 
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Definition of Separability Factor. a. 
The separability factor, a, is defined 9O as the ratio of retention 
times (b/a) of the diastereomers, measured from the time of elution of a 
non-retained solute (Fig. 15). This value is equivalent to the ratio of the 
partition coefficients of the diastereomers between the stationary and 
mobile phases of the column. Separability factor values are independent 
of the particle size of the adsorbent, the column size, the sample size (up 
to a point), or on how well the column is packed. In order to achieve 
baseline separation, a separability factor, a, of 1.3 or greater is needed. 
The relevance of separability factors from a practical viewpoint is 
that the larger the separability factor of a particular resolving agent, the 
greater the amount of material that can be loaded onto a given column. 
b 
a 
A non-retained solute 
it=O 
retention time 
Separability factor, a, = b / a 
Figure 15. 
Oxazolidinone (156) was employed as a chiral resolving agent for 
the resolution of racemic acid halides and of a racemic primary amine. A 
discussion of this work is given below: 
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a) 	Resolution of Racemic Acid Halides 
The resolution of (±)-2-bromopropionyl bromide was conducted 
according to the sequence shown in Scheme 99. In this, the oxazolidinone 
(156) was first deprotonated with n-butyl lithium and then the resulting 
anion was treated with (±)-2-bromopropionyl bromide to give the 
diastereomeric pair of bromo-imides (211). Analysis of this diastereomeric 
product mixture by HPLC afforded the large separability factor ,a, of 2.8. 
00 
(156) 













Separability factor, a, = 2.8 
Scheme 99 
As a consequence of this large value, it was possible to separate 
both of the diastereomeric bromo-imides easily by flash column 
chromatography. After the separation, each was cleaved from the 
resolving agent using lithium benzyloxide to give the enantiomeric benzyl 
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esters (212a) and (212b) (Scheme 100). The optical rotation of these esters 
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Scheme 100 
The above resolution procedure was also conducted using (±)-2-
chioropropionyl chloride (Scheme 101). Analysis of the resulting 
diastereomeric chioro-imides (213) by HPLC, again gave a large 





I) BuLi / THF/ -78° C 









Separability factor, a = 2.7 
Scheme 101 
b) 	Resolution of a Racemic Amine 
Oxazolidinone (156) was next used to resolve (±)-2-
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Deprothnation of the oxazolidinone (156) with n-butyl lithium, 
followed by acylation with phosgene, generated the carbamoyl chloride 
(214) in situ. This was treated immediately with (±)-2-phenylethylamine, 
in the presence of one equivalent of triethylamine, to give the 
diastereomeric pair of allophanates (215). HPLC analysis of this mixture 
gave rise to the rather small separability factor, a, of 1.5. 
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As a comparison, Pirkle 62 has obtained a separability factor value 
of 2.6 in a similar resolution experiment employing the diphenyl 
substituted oxazolidinone (130) as the resolving agent (Scheme 103). 
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Scheme 103 
Pirkie has briefly reviewed some of the factors that, are important 
in controlling the efficiency of chiral oxazolidinone resolving agents 62 : The 
silica 'fending off and 'anchoring' abilities of the substituents on the 
oxazolidinone ring is an important factor. For high efficiency, aromatic 
substituents are generally needed. 
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3. Chiral Auxiliary from cc-D-Galactose 
(Incorporating Cyclohexylidene Groups) 
3.1 Synthesis of Auxiliary 
In an attempt to improve on the levels of asymmetric induction 
achieved with the previously discussed isopropylidene-auxiliary (156), it 
was decided to synthesise the analogous auxiliary (220) incorporating 











It was envisaged that the greater steric bulk of the cyclohexylidene 
group would lead to more efficient it-face shielding of enolates and of 
dienophiles and therefore that the stereoselectivity of reactions involving 
these species would be enhanced. A further advantage of the 
cyclohexylidene protecting group over the isopropylidene group is its 
greater stability towards acid hydrolysis. 
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It is of relevance to mention that a chiral auxiliary derived from a-
D-galactose, which also incorporates cyclohexylidene groups, has 
previously been developed by Shollkopf91 (Scheme 104). This auxiliary 
(143) was used for the asymmetric alkylation of a-amino acids via the 
imine (144). 
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The synthesis of the new cyclohexylidene-auxiliary (220) is outlined 
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The initial step to form the alcohol (216) was conducted according to 
the method of Shollkopf91 . Alcohol (216) was next converted smoothly into 
the chioroformate (217) using phosgene, and then into the azidoformate 
(218) using sodium azide. It is interesting to note that azidoformate (218) 
was obtained as a viscous oil in marked contrast to the isopropylidene- 
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azidoformate, (154), which was obtained as a colourless solid. This 
difference in physical property could obviously be attributed to the 
increased hydrocarbon character of (218). 
The thermal decomposition of azidoformate (218) was accomplished 
using solution thermolysis in boiling 1,1,2,2-tetrachioroetane (TCE). This 
generated oxazolidinone (220) in a yield of 48% after column 
chromatography, together with a minor amount of the carbamate (221) 
(10%). 
The applications of oxazolidinone (220) in a selection of asymmetric 
reactions are discussed in the following section. 
3.2 Applications of Auxiliary (220) 
3.2.1 Asymmetric Diels-Alder reactions 
The first application of auxiliary (220) to be investigated was the 
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The acrylate dienophile (222) was prepared by treating 
oxazolidinone (220) with methyl magnesium bromide, then acylating the 
resulting anion with acryloyl chloride. Both the crotonate (223) and 
cinnamate (224) dienophiles were prepared by treating oxazolidinone 
(220) with n-butyl lithium, followed by acylation with the requisite acid 
chlorides. 
The Diels-Alder reactions with cyclopentadiene were carried out 
under the same conditions as before, and after reaction, the diasteromer 
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ratios were obtained from the 360 MHz 'H NMR. The results obtained are 
shown in Table 4. 
Table 4: 	Lewis acid catalysed Die/s-Alder reaction between dienophiles 
(222-224) and cyclopentadiene. 
Dienophile Temp / OC Yield/ % endo exo endo de % 
Acrylate -78 99 98 : 2 95 
 
Crotonate -78 98 97 : 3 95 
 
Cinnamate -20 62 96: 4 >95 
 _____________  
On comparing these results with those obtained with the 
isopropylidene-auxiliary (156) (see Table 1, page 73), it can be seen that 
the endo cliastereoselectivity has improved slightly in each case; most 
significantly for the acrylate (222). 
In order to establish the absolute stereochemistry of the Diels-Alder 
products, the acrylate adduct (225) was subjected to cleavage using 
lithium benzyloxide (Scheme 107). This gave the chiral ester (168) in 92% 
yield. The optical rotation of this chiral ester (168) indicated that its 
absolute configuration was as shown in Scheme 107. 
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In this cleavage process, the auxiliary was again found to have 
undergone epimerisation about the spiro-carbon atom and was recovered 
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As would be expected, the above stereochemical outcome is identical 
to that obtained previously with the isopropylidene-auxiliary (156), and 
indicates that the cyclopentadiene attacks the chelated aluminium 
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3.2.2 Asymmetric Aldol Reaction 
The asymmetric aldol reaction between imide (230) and freshly 
distilled benzaldehyde was conducted as in Scheme 109. The conditions 
employed were identical to those used previously (LDA, THF, -78 OC, 
quench after 2 minutes). 
0 0 
0 















Yield =q6 % 
de = 81 % 
Scheme 109 
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After completion of the reaction, the crude product (231) was 
analysed by 360 MHz 1H NMR spectroscopy. Integration of the signals in 
the chemical shift range 4.60-5.10 ppm indicated that three diastereomers 
had formed, namely two erythro (3J=5.2 Hz), and one threo (J=8.6 Hz), in 
the ratio of 90:2:7, giving a diastereomeric excess of 81%. This value is a 
slight improvement on that obtained with the isopropylidene-auxiliary 
(156) (diastereomeric excess = 78%), although the difference is small. 
The absolute stereochemistry of the major cliastereomeric product 
was determined by reductive cleavage using lithium borohydride (Scheme 
110). The configuration of the cliol (185) produced was found to be (1R, 
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Scheme 110 
The above Diels-Alder and aldol results show that the levels of 
asymmetric induction achieved with the cyclohexylidene-auxiliary (220) 
are slightly better than those obtained with the isopropylidene-auxiliary 
0 0 
0 
0 N 0 14~-Ov~ - 
do rA0 
i)LDA/THF/-78°C 
--~A C I 
(230) 
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(156). This indicates that the it-face shielding efficiency of the 
cyclohexylidene group is, as expected, marginally better than that of the 
isopropylidene group. 
3.2.3 Attempted Asymmetric Acylation Reaction 
The acylation reaction of imide (230) with propionyl chloride to 
form the diketone (232) was attempted as shown in Scheme 111. However, 
this resulted in the formation of only the 0-acylation product (233); a 
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3.2.4 Attempted Asymmetric Alkylation Reaction 
The alkylation of imide (230) with benzyl bromide was conducted as 
shown in Scheme 112. As observed previously with the isopropylidene-
auxiliary (156), no alkylation product (234) was formed after conducting 
the reaction for several hours. After prolonged reaction, the only product 


















4. Chiral Auxiliary from Di-0-isopropylidene-2-keto-L-
gulonic Acid 
4.1 Synthesis of Auxiliary 
Another inexpensive and readily available carbohydrate derived 
substrate that was investigated as a source of a new chiral auxiliary was 
the diisopropylidene derivative of 2-keto-L-gulonic acid (235). The 
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In the initial step, acid (235) was reduced using lithium aluminium 
hydride to form the primary alcohol (236) in 89% yield. Alcohol (236) was 
next converted to the chloroformate (237) and then into the azidoformate 
(238), using the same conditions that were used previously. In the final 
step of the synthesis, thermal decomposition of azidoformate (238) in 
boiling TCE furnished, after column chromatography, the six membered 
oxazinone (239) in 55% yield. 
Although it does not contain an oxazolidinone ring, oxazinone (239), 
nevertheless, possesses all of the essential features required if it is to 
function as an efficient chiral auxiliary; namely, an easily functionalised 
nitrogen atom and a carbonyl group (needed for chelation purposes). 
Oxazinone (239) was employed in some asymmetric reactions and these 
are discussed in the next section. 
4.2 Applications of Auxiliary (239) 
4.2.1 Asymmetric Diets-Alder Reaction 
The first application involving auxiliary (239) to be investigated 
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Scheme 114 
The acrylate dienophile (240) was prepared by treating oxazinone 
(239) with methyl magnesium bromide and then acylating the resulting 
magnesium anion with acryloyl chloride; the crotonate dienophile (241) 
was prepared by treating oxazinone (240) with n-butyl lithium, followed 
by acylation with crotonyl chloride. The asymmetric Diels-Alder reactions 
with cyclopentadiene and diethylaluminium chloride as the Lewis acid 
catalyst were conducted under the same conditions used in previous 
examples. After reaction, the cliastereomeric product ratios were 
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determined from the 200 MHz 1H NMR. The results obtained are given in 
Table 5. 
Table 5: 	Lewis Acid catalysed Die/s-Alder reaction between dienophiles 
(240, 24 1) and cyclopentadiene. 
Dienophile Temp / OC Yield / % endo exo endo de % 
Acrylate -78 74 97 3 82 
(240)  
Crotonate -20 89 98 : 2 94 
(241) 
As can be seen, the endo diastereoselection is excellent in both 
cases as is the endo/exo selectivity. 
The absolute stereochemistry of the products from this rection were 
determined by subjecting the acrylate adduct (242) to cleavage using 
lithium benzyloxide (Scheme 115). The optical rotation of the formed 
benzyl ester (168) indicated the absolute stereochemistry to be as shown 
in Scheme 115. This stereochemistry is consistent with the dienophile 
approaching the intermediate aluminium complex from the Ca-Re face 
(front face as drawn), which is clearly the less hindered. 
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4.2.2 Asymmetric Aldol Reaction 
The next reaction involving oxazinone (239) to be investigated was 
the asymmetric Aldol reaction (Scheme 116). 
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The oxazinone (239) was treated with n-butyl lithium, followed by 
propionyl chloride to afford the imide (244). This imide (244) was next 
deprotonated with lithium diisopropylamide to generate the lithium 
enolate, which was subsequently treated with freshly distilled 
benzaldehyde to give the aldol product (245) in excellent yield (88%). The 
diastereoselectivity was determined by analysis of the 200 MHz 1H NMR 
of the crude product. This revealed that, out of the four possible 
diastereomers, only two erj-Jro isomers (3J=2.3 Hz) had formed in the ratio 
of 91:9, giving a diastereomeric excess of 82% 
So that the absolute configuration of the major erythro product 
could be established, adduct (245) was subjected to reductive cleavage 
using lithium borohydride (Scheme 117). This produced the chiral diol 
(185) in excellent yield and the auxiliary (239) was recovered intact in 
moderate yield (64%). 
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Scheme 117 
The optical rotation of diol (185) suggested that the absolute 
configuration of the major diastereomer (245) was (2S, 3S), which is 
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identical to that obtained with the previously discussed a-D-galactose 
derived chiral auxiliaries. 
To explain this observed stereochemical outcome, the aldehyde 
must react with the chelated Z-lithium enolate on the front, Ca-Re face 
(Fig. 17). 
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5. Synthesis of Chiral Auxiliary from 
D-oc,-Isopropylideneg1ycero1 (Solketal) 
The final carbohydrate based substrate to be investigated was 
solketal (247). This alcohol (247) is available commercially but can also be 
obtained from very inexpensive D-mannitol 92 as outlined in Scheme118. 
acetone 










The synthetic sequence employed to form the auxiliary is shown in 
Scheme 119. The preparation of the chiral azidoformate (249) was 
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Azidoformate (249) was an oil which could be distilled, under 
reduced pressure, at mild temperatures (bp = 9 7 °C/O.0 2 mmHg). This 
property allowed thermal decomposition of (249) to be carried out using 
the technique of flash vacuum pyrolysis (FVP) 103. In this technique, (Fig. 
18), the sample to be pyrolysed is first volatilised by gentle warming with 
a kugeirhor oven. The resulting gaseous sample is then drawn through a 
heated furnace where thermal intramolecular reactions can take place. 
After passing through the furnace, the pyrolysis products are collected in 
a trap which is cooled with liquid nitrogen. The entire pyrolysis apparatus 
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is evacuated to pressures of 0.01 mmHg, which conseqently means that 
contact times in the hot zone of the furnace are in the region of 
milliseconds; this technique is therefore extremely mild and delicate. 
Thermometer 
\ Inlet tube 	Pyrolysis tube Furnace 
Nitrogen 	Trap 2 inlet 	
Vacuum \ Product  
trap 1 	 gauge 	Pumping 




I 	control unit àLJ 
Liquid 
nitrogen 
Apparatus for flash vacuum pyrolysis. 
Figure 18 
The major advantage of flash vacuum pyrolysis over solution 
thermolysis is that it is much cleaner and generally higher yielding since 
only intramolecular reactions can take place inside the furnace. 
Decomposition of azidoformate (249) using FVP gave rise to two 
products: the spiro-oxazolidinone (250) and the six-membered oxazinone 
(251), in the ratio of 4:1 respectvely (these ratios were determined by 
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analysis of the 200 MHz 1H NMR of the crude pyrolysis product). This 
particular product distribution can be rationalised by the greater 
tendency of singlet nitrenes to insert into secondary C-H bonds compared 
with primary C-H bonds (see summary of nitrene chemistry given in 
footnote, page 61). It was possible to isolate both of the products (250) and 
(251) by flash column chromatography; oxazolidinone (250) was obtained 
in 46% yield and oxazinone (251) in 24% yield. 
The applications of oxazolidinone (251) have not been investigated 
in any great detail. This auxiliary has, however, been employed by Banks 
for the resolution of (t)-1-phenylethylamine 93 (Scheme 120). The 
separability factor, a, obtained by HPLC analysis of the dliastereomeric 
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6. Chiral Auxiliary from (-)-3-Pinanol 
6.1 Synthesis of Auxiliary 
The substrates investigated so far have all been derived from 
carbohydrates. Another very cheap and readily available class of chiral 
compounds that were examined were terpene alcohols. The first one to be 
investigated was (-)-3-pinanol (253) (Scheme 121). A highly attractive 
feature of this particular alcohol was that both enantiomeric forms were 
commercially available; for the present studies, however, only (-)-3-
pinanol was used. 
Azidoformate (255) was synthesised, in high yield, from (-)-3-
pinanol (253) according to the sequence shown in Scheme 121. This 
azidoformate (255), which was an oil (bp=60 OC/0.1 mmHg), was 
thermally decomposed using flash vacuum pyrolysis (300 0C, 0.02 mmHg). 
This produced a mixture consisting of the oxazolidinones (256) and (257) 
in the ratio of 3:1 respectively. This product distribution, once again, 
reflected the greater tendancy of singlet nitrenes to insert into tertiary C-
H bonds compared with secondary C-H bonds. The major oxazolidinone 
product (256) was easily isolated by flash column chromatography in a 
yield of 65%. 
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Scheme 121 
A major limitation of the flash vacuum pyrolysis technique is that it 
cannot be used for large scale synthesis. In order to obtain sufficient 
quantities of material so that the applications of oxazolidinone (256) could 
be investigated, a related technique, known as spray pyrolysis (S.P) was 
utilised 1 . In this method, (Fig. 19), the neat liquid sample (only non-
viscous oils can be pyrolysed with this technique) is slowly injected into 
the apparatus using a syringe-pump. The sample next passes into a 
vertically mounted furnace through a fine bore capillary, and after the 
reaction, the pyrolysis products are collected at the bottom in a flask 
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which is cooled with dry-ice. An additional advantage of this technique 
over flash vacuum pyrolysis is that it can be used for the pyrolysis of 
thermally unstable compounds, since the sample does not have to be 
heated prior to its introduction into the furnace; this adds greatly to 
safety. 
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With this technique, up to lOOg of azidoformate (255) could be 
pyrolysed easily (over 3 days). Simple trituration of the crude pyrolysis 
products with ether afforded the oxazolidinone (256) in4%  yield. 
An X-ray crystal structure of oxazolidinone (256) has been obtained 
(Fig. 20) and this shows the expected 2R, 3S stereochemistry of the fused 









The applications of oxazolidinone (256) in some asymmetric 
reactions are described in the next section. 
6.2 Applications of Auxiliary (256) 
6.2.1 Asymmetric Diels-Alder Reactions 
Oxazolidinone (256) was first employed in Lewis acid catalysed 
asymmetric Diels-Alder reactions (Scheme 122). 
144 
3  /1 CH 
(256) 






O 2AICI / CH2Cl2 
/ -78 OC  (for R=H, Me) 
-20 °C (for R=Ph) 










The acrylate (258) (R=H), crotonate (259) (R=CH3) and the 
cinnamate (260) (R=Ph) dienophiles were each prepared smoothly and in 
high yields by treating the oxazoliclinone (256) with n-butyl lithium, 
followed by acylation with the relevant acid chlorides. In contrast to 
previous examples, no polymerisation of the acrylate (258) was observed 
under these reaction conditions. The Diels-Alder reactions involving the 
acrylate (258) and the crotonate (259) proceeded smoothly at -78 OC 
wheras the reaction involving the cinnamate (260) required a temperature 
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of -20 OC for completion. The crude reaction products, after being 
subjected to flash column chromatography to remove excess 
cyclopentadiene, were analysed by 200 MHz 1H NMR. The results 
obtained are summarised in Table 6 
Table 6: Lewis acid catalysed Die/s-Alder reaction between dienophiles 
(258-260) and cyclopentadiene. 
Dienophile Temp / oc Yield / % endo : exo endo de % 
Acrylate -78 92 93: 7 25 
 
Crotonate -78 100 97 3 33 
 
Cinnamate -20 96 95 :5 32 
 
As can be seen, the endo lexo selectivity in each case is high, but the 
endo diastereomeric excess is poor. The endo diastereo selectivity increases 
slightly, however, on going from the acrylate (258) to the sterically more 
demanding crotonate (259) and cinnamate (260) dienophiles. 
Although the level of asymmetric induction achieved in the above 
Diels-Alder reactions was poor, it was still of interest to determine the 
absolute configuration of the major diastereomer in the product mixture. 
This was accomplished by cleaving the acrylate product mixture (261) 
from the auxiliary using lithium benzyloxide (Scheme 123). The optical 
rotation of the resulting benzyl ester fragment (264) had a negative sign, 
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indicating that the predominant diastereomer in this mixture possessed 
the absolute stereochemistry shown in Scheme 123. This suggests, 
therefore, that the Ca-Re face (front face as drawn) of the dienophile is 
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6.2.2 Asymmetric Aldol Reactions 
The employment of oxazolidinone (256) in a lithium enolate 
asymmetric aldol reactions was carried out as shown in Scheme 124. 
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(266) 
Scheme 124 
The imide (265) was easily prepared in high yield by treating 
oxazolidinone (256) with n-butyl lithium, followed by acylation with 
freshly distilled propionyl chloride. The lithium enolate was generated by 
deprotonating imide (265) with lithium diisopropylamide, and then this 
was treated with freshly distilled benzaldehyde. After working up the 
reaction mixture, both t.l.c. and 200 MHz 1H NMR. of the crude reaction 
iI 
product revealed that only a small amount aldol product (266) had 
formed, and that a large amount of starting iinide (265) remained. This 
unreacted starting material was removed by flash column 
chromatography and then the isolated aldol product (266) was analysed 
by 200 MHz 1H NMR . The resonances of interest were doublets in the 
chemical shift range 4.80-5.20 ppm arising from the chiral carbinol proton 
(PhCffOH). These revealed that only two e,ythro isomers (3J=3•9  Hz, 4.5 
Hz) had formed in a ratio of 53:47, giving a diastereomeric excess of 6% 
In an attempt to improve the distereoselectivity of this aldol 
reaction, the boron enolate methodology was adopted (Scheme 125) 
However, this again led to a very poor product yield (56%), although the 
stereoselectivity obtained was slightly better (diastereomeric excess = 
22%). 
CH343  CH  
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 /40 0 
(265) 









	 de = 22 % 
Thornton et al have conducted asymmetric aldol reactions using 
titanium enolates94 and the stereoselectivities obtained in these reactions 
were very high; these titanium enolates were generated using titanium 
tetrachloride and triethylamine. The employment of this titanium enolate 
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procedure with imide (265), however, furnished a poor yield of product 
(52%), and virtually no asymmetric induction was achieved 
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Scheme 126 	
de = 2 % 
The poor stereoselectivities obtained with chiral auxiliary (256) in 
the above aldol and Diels-Alder reactions can be understood by 
examination of the X-ray crystal structure (Fig. 20). This shows clearly 
that both faces of the oxazolidinone ring are sterically encumbered; one by 
the methyl substituent adjacent to the nitrogen and the other by the 
methylene of the four-membered ring. As a consequence of this, approach 
by electrophiles is severely restricted from both directions and reactions, 
therefore, tend to be very sluggish and give very poor stereoselectivies. 
6.2.3 Resolution of Racemic Acid Halides 
Oxazolidinone (256) was also employed as a resolving agent for the 
resolution of (±)-2-bromopropionyl bromide (Scheme 127). The resulting 
diastereomeric mixture of cx-bromo-imides (267) was analysed by HPLC 















Separability factor a =1.6 
Scheme 127 
Despite this low value, each of the diastereomeric a-bromo-inides 
(267a and 267b) was easily separated by column chromatography. An 
interesting observation was that the faster running diastereomer (267a) 
was isolated as a viscous oil, wheras the other (267b), which differed in 
having only one chiral centre inverted, was isolated as a colourless, 
crystalline solid. This difference in physical property was obviously due to 
the fact that in diastereomer (267a) the molecules could pack together 
efficiently, but in diastereomer (267b) they could not. 
After separating the diastereomers, each was subjected to oxidative 
cleavage using lithium hydroperoxide (LiOOH) to give the enantiomeric 
chiral a-bromo acids (269a) and (269b) (Scheme 128). The optical 
rotations of these acids were measured and this allowed their absolute 
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Scheme 128 
In this cleavage experiment, the chiral oxazolidinone (256) was 
recovered cleanly and in good yield (87%). 
The above resolution procedure was also conducted on racemic 2-
chioropropionyl chloride (Scheme 129); this gave rise to a separability 
factor, (x, of 1.5. 
CH 	CH3 	 CH3 	CH3 




0 C, Jy 	 0 
(256) 	 Cl ~40 
(267) 
Scheme 129 	 HPLC 
Separability factor a -1.5 
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7. Synthesis of Chiral Auxiliaries from Other Terpene 
Alcohols 
In addition to (-)-3-pinanol, three other terpene alcohols were 
studied as sources of new chiral auxiliaries; these were, trans-myrtanol, 
cis-myrtanol and iso-menthol. A brief discussion of the work carried out 
with these follows: 
7.1 cis-Myrtanol 
Azidoformate (272) was prepared from commercially available cis-
myrtanol (270) as outlined in Scheme 130. (272) was subsequently 
decomposed by flash vacuum pyrolysis (300 OC, 0.1 mmHg), and this 
resulted in a mixture consisting of the spiro-oxazolidinone (273) and the 
six-membered oxazinone (274), in the ratio of 4:1 respectively (these ratios 
were determined from the 1H NMR of the crude pyrolysis product). Flash 
column chromatography of this crude mixture allowed the spiro-
oxazolidinone (273) to be isolated in a yield of 56%. 
153 
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Scheme 130 
The applications involving oxazolidinone (273) have not been 
studied in detail. This auxiliary has been used by Kunzer 95 , however, in 
an asymmetric aldol reaction (Scheme 131). In this reaction, two erythro 
diastereomers (3J= 3.7 Hz & 3J=6.1 Hz)were formed in the ratio of 72:28 







Yield = 64 % 
de = 44 % 
Scheme 131 
7.2 trans-Myrtanol 
trans-Myrtanol (275), which differs from cis-myrtanol in the 
stereochemistry about the methanol substituent, was converted, in 
quantitative yield, into the azidoformate (277) according to the sequence 
shown in Scheme132. This azidoformate (277) (Bp=55 OC/0.05  mmHg) was 
then subjected to flash vacuum pyrolysis (300 OC, 0.01 mmHg), and this 
yielded the spiro-oxazolidinone (278) and the two six-membered 
oxazinones (279) and (280) in the ratio of 3:2:1 respectively (as determined 
by the 1H NMR of the crude product mixture). The major oxazolidinone 
(278) was easily separated by column chromatography and was isolated in 
a yield of 52%. The two oxazinone products (279) and (280) were isolated 
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The spiro-oxazolidinone (278) has not yet been evaluated as a chiral 
13 
auxiliary. However, Banks has used it for the resolution of (±)-2- 
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Separability factor, a = 1.31 
Scheme 133 
7.3 Iso-Menthol 
The final terpene alcohol to be studied was inexpensive, iso-
menthol (285). The sequence in which this starting material was 
employed is given in Scheme 134. Flash vacuum pyrolysis of azidoformate 
(300 OC, 0.02 mmHg), which was prepared in quantitative yield from 
chioroformate (286), gave rise to a mixture consisting of the two 
oxazolidinones (288) and (290), and also the six-membered oxazinone 
(289); these were formed in the ratio of 7:1:2 respectively. By subjecting 
the crude pyrolysis mixture to column chromatography, the oxazolidinone 
was isolated as a thick syrup (51%), and the oxazinone (289) was 
isolated as a colourless, crystalline solid (15%). The remaining isomer 
(290) could not be isolated. 
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coc12 	 2 NaN I TBAB 	(L1 
py 	 CH2Cl2 I H20 	 11 
	
OH 	 OC CI 
(285) 	 (286) 	 (287) 





'N 	 '0 
NO 
H 	 0 
(289) 	 (290) 	 (288) 
Ratio= 2 	 1 	 : 	 7 
Scheme 134 
Attempts at fuinctionalising oxazolidinone (288) resulted in the 
formation of thick gums which proved extremely difficult to purify. For 
this reason, the applications of this auxiliary were not pursued. 
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8. Attempted Synthesis of Chiral Auxiliary from (S)-
Malic Acid 
(S)-Malic acid (291), which is readily available from the chiral pool, 
was also investigated as source of a potential new chiral auxiliary. The 
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The initial stage to form the hydroxy imide (292) was conducted 
according to the method of Helmchen; this involved heating the diacid 
salt of (S)-malic acid and aniline under reflux, in xylene, for several 
hours. Hydroxy imide (292) was then converted into the azidoformate 
(294), via the chioroformate (293) using the same methodology as before. 
Thermal decomposition of azidoformate (294) using flash vacuum 
pyrolysis was unsuccessful due to the involatile nature of the 
azidoformate (294). The alternative technique of solution thermolysis in 
TCE was therefore carried out and this gave, after column 
chromatography and recrystallisation from ethanol, an off-white solid 
which was identified as the carbamate (296) (65%). Rather surprisingly, 
no insertion of the nitrene into the adjacent secondary C-H bond to give 
the desired oxazolidinone (297) was observed. 
A possible explanation for this unexpected result may be that the 
nitrene intermediate (295), which is formed initially in the excited singlet 
state, undergoes rapid spin inversion to the ground triplet state before 
insertion can take place into the adjacent C-H bond (Scheme 136). Once 
formed, the triplet nitrene can readily abstract protons from the solvent or 
from another molecule of azidoformate to form the carbamate (296). 
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9. Thiation of an Oxazolidinone 
Fujita and co-workers have reported 97  that the thiocarbonyl 
function (C=S), when conjugated to hetero atoms, exhibits a U.V. 
absorption (arising from a i—ic transition) with an extremely high 
extinction coefficient; furthermore, this absorption occurs close to the 
practically important region of 254 nm. It was postulated, therefore, that 
if a chiral oxazolidinone could be converted into the corresponding 
oxazolidinthione, then the resulting molecule would be of much greater 
value as a chiral auxiliary as crude product mixtures could then be 
analysed by HPLC equipped with a U.V. detector. 
In order to investigate this assumption, it was decided to thiate the 
endo-borneol derived chiral oxazolidinone (298), which had previously 
been synthesised by Banks 93 (Scheme 137). The thiating reagent 
employed was commercially available Lawessons reagent (300). This 
reagent has previously been used for the thiation of ketones 98 , amides99 , 
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Scheme 137 
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The thiation reaction was conducted by simply heating a mixture of 
the oxazolidinone (298) and 0.6 equivalents of Lawessons reagent (300), in 
toluene, under reflux for 3 hours. The yield of the oxazolidinthione (299) 
obtained after column chromatography was 65%. 
A mechanism for thiation involving Lawessons reagent has been 
proposed by Rauchfuss 101 (Scheme 138). In this, the reagent (300) 
initially dissociates to give two molecules of the 3-coordinate 
phosphorus(V) species (301). Nucleophilic attack next occurs on (301) by 
the carbonyl group to produce the unstable species (302), which 
immediately collapses to afford the thiocarbonyl function (303). 
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The U.V. spectrum of product oxazolidinthione (299) was obtained 
and compared with that of the oxazolidinone (298). For each spectrum, the 
wavelength at maximum absorption, ?, and the extinction coefficient, 
e. were measured. The results are shown in Table 7. 
Table 7: 	Comparison of U. V. Data for Oxazolidinone (298) 
and Oxazolidinthione (299). 
max (rm) e 
Oxazolidinone 227 167 
 
Oxazolidinthione 247 28,000 
 
It can be seen that the oxazolidinthione (299) absorbs at a 
significantly higher wavelength (Xinax247  nm) compared with the 
oxazolidinone (298) (A=227 run) (ie, a bathochromic shift has taken 
place). In addition, the extinction coefficient of (299) is two orders of 
magnitude greater. These values are in close agreement with those 












Oxazolidinthione (299) has been used succesfully by Grant for the 
resolution of (±)-trans-1,2-methylcyclohexanol (Scheme 139). The 
separability factor, a, of the resulting diastereomeric mixture was easily 
determined by HPLC, using U.V. detection at 254 nm, and was found to 
be 1.34. 
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Scheme 139 
Experimental 
Symbols and Abbreviations 
Ar aromatic 
[a]D specific rotation 
Bp boiling point 
br broad 
decomp decomposition 
DEPT distortionless enhancement by polarisation transfer 
DAM dimethoxyethane 
ei electron impact 
FAB fast atom bombardment 
FVP flash vacuum pyrolysis 
HPLC high performance liquid chromatography 
IR infra-red spectroscopy 
J spin-spin coupling constant 
lit, literature value 
M mol dm-3  
M+ molecular ion 
mmol millimoles 
mol moles 
MP melting point 
MS mass spectroscopy 
mlz mass to charge ratio 
NMR nuclear magnetic resonance spectroscopy 
ppm parts per million 
SP spray pyrolysis 
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symm symmetrical 
s, d, t, q, m singlet, doublet, triplet, quartet, multiplet 
TBAB tetrabutylammonium bromide 
TCE 1,1,2,2-tetrachioroethane 
THF tetrahydrofuran 
U.C. thin layer chromatography 
U.V. ultra-violet spectroscopy 
S chemical shift 
maximum extinction coefficient 
XMax maximum wavelength 
Dmax maximum wave number 
1. Instrumentation and General Techniques 
1.1 NMR Spectroscopy 
1H NMR 
Routine 1H NMR spectra were obtained using a Jeol PMX-60 
spectrometer. Higher field spectra were obtained on a Bruker WP-200 
spectrometer operated by either Mr J. Miller or Miss H. Grant, or on a 
Bruker-360 spectrometer operated by either Dr D. Reed or Dr I. Sadler 
Chemical shifts (6) are reported in parts per million using 
tetramethylsilane (6 0.0) as a reference. 
13CNMR 
1 C NMR spectra were recorded at 50.3 MHz on a Bruker WP-200 
spectrometer operated by Mr J. Miller, or at 90.6 MHz on a Bruker WH-
360 spectrometer operated by Dr D. Reed 
Chemical shifts are reported in parts per million using 
tetramethylsilane (6 0.0) as a reference. 
1.2 Infra-red Spectroscopy 
Infra-red spectra were recorded on a Perkin-Elmer 781 
spectrometer. Liquid samples were examined as thin films and solid 
samples as nujol mulls, both on sodium chloride plates. 
Calibration was achieved by reference to the characteristic 
polystyrene peak at 1603 cm-1. 
Im 
1.3 Mass Spectroscopy 
Low resolution mass spectra were recorded on a AEI MS-902 
instrument operated by Miss E. Stevenson. FAB and Accurate mass 
measurements were obtained on a Kratos MS-50 TC spectrometer, 
operated by Mr A. Tayler. 
1.4 Elemental Analysis 
Elemental analysis for carbon, hydrogen and nitrogen were carried 
out on a Carbo-Erba elemental analyser, model 1106, operated by Mrs E. 
MacDougall. 
1.5 X-Ray Crystallography 
X-ray crystal structures were determined on a Stoe STADI-4, four 
circle diffractometer by Dr A. Blake and Dr R. 0. Gould. 
1.6 Melting Points and Boiling Points 
Melting points were measured on a digital Gallenkamp capillary 
tube apparatus and are uncorrected. 
Boiling points were measured using a Büchi Kugelrhor distillation 
apparatus; the temperatures were recorded by placing a thermometer 
inside the glass oven. 
1.7 HPLC 
HPLC analyses of crude product mixtures were conducted on a 
Gilson HPLC apparatus, using a 5 mm spherisorb silica column and U.V. 
detection at 254 nm. 
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1.8 U.V. Spectroscopy 
U.V. spectra were run on a Unlearn S.P. 800A spectrophotometer, 
using matched 1cm silica cells. 
1.9 Optical Rotations 
Optical rotations were measured on an Optical Activity AA 1000 
polarimeter; readings were taken at 589 nm (sodium D-line) using a 10 cm 
polarimeter cell. 
1.10 Flash Column Chromatography 
Flash column chromatography was carried out according to the 
method of Still 102 , using Fluka silica gel 60 (mesh size 0.040-0.063 mm) 
as solid support and a pressure of 10 p.s.i. of compressed air to aid solvent 
elution. 
1.11 Thin Layer Chromatography 
For analytical purposes, aluminium backed plates, coated with a 
0.2 mm layer of silica gel 60, and containing fluorecent indicator were 
used. Component spots were visualised by ultra-violet light, iodine vapour 
or by charring using a 10% sulphuric acid/ethanol solution. 
1.12 Drying and Purification of Solvents 
Toluene and DME were dried by the addition of sodium wire to the 
analytical grade reagents. Methylene chloride and TCE were dried by 
distilling from calcium hydride, under a nitrogen atmosphere. THF and 
ether were dried by distilling from sodium and benzophenone, under a 
nitrogen atmosphere; these solvents were collected when the deep purple 
colour, due to sodium benzophenone ketyl, had formed. 
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1.13 Drying of Glassware and Inert Gases 
Before conductin moisture sensitive reactions, reaction flasks 
were dried thoroughly by heating with a strong Bunsen flame whilst 
flushing with a strong flow of argon. 
Argon and nitrogen gases used for reactions were dried by passing 
through a series of dreschel vessels containing concentrated sulphuric 
acid, calcium chloride granules and self-indicating silica gel. 
1.14 Drying and Evaporation of Organic Extracts 
Organic extracts obtained from reactions were dried by standing 
over anhydrous magnesium sulphate for approximately 30 minutes. They 
were then evaporated under reduced pressure using a rotary evaporator. 
To remove last traces of solvent, evaporation was conducted on a high 
vacuum rotary evaporator connected to an oil pump. 
1.15 Flash Vacuum Pyrolysis 
The flash vacuum pyrolysis apparatus used in this work was based 
on that developed by W. D. Crowlnd is illustrated in Fig. 23. 
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The operating procedure is as follows: The sample (solid or neat 
liquid) is placed in the horizontal inlet tube and the apparatus is 
evacuated, using an Edwards high capacity rotary oil pump, to pressures 
of 0.001 to 0.01 mmHg. The inlet tube is then heated sufficiently, by 
means of a Kugelrhor oven, to achieve volatilisation of the sample. The 
gaseous material passes through a quartz pyrolysis tube (30 x 2.5 cm), 
heated by a Stanton Redcroft LM8 100 furnace; the temperature of this 
furnace is maintained by a Pt/Pt-13% Rh thermocouple located at the 
centre. The pyrolysis products are collected in the U-shaped trap, cooled 
with liquid nitrogen. 
On completion of the experiment, the apparatus is flooded with 
nitrogen gas and the traps are allowed to warm to room temperature. The 
pyrolysis products can then be isolated by rinsing the traps with an 
organic solvent. Alternatively, addition of CDC13 allows the products to be 
analysed by NMR spectroscopy directly. 
1.16 Spray Pyrolysis 
The spray pyrolysis apparatus used in this work was based on that 




This apparatus incorporates same basic instrumentation as the 
FVP apparatus, except that the pyrolysis tube and furnace are mounted 
vertically, and the inlet tube is replaced with a syringe/syringe-pump 
arrangement. The pyrolysis experiment is conducted as follows: 
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After filling the syringe with the neat liquid sample (only non-
viscous oils can be used), the entire system is evacuated to a pressure of 
0.01 mmHg. The sample is then injected slowly into the apparatus at a 
constant rate of 0.5-1.0glhour. It then passes into the heated quartz 
pyrolysis tube (30 x 2.5 cm). through a 0.5 mm capillary. The pyrolysis 
products are collected at the bottom in a receiver flask which is cooled 
with dry-ice (to avoid the risk of fire, a slush bath of dry-ice/acetone must 
not be used!). 
When all of the sample has been injected, the apparatus is flooded 
with nitrogen from the attached balloon, and the collection vessel is 
allowed to warm to room temperature. The pyrolysis products can then be 
dissolved from the trap with a suitable solvent 
The great advantage of this technique over flash vacuum pyrolysis 
is that it can be used for the pyrolysis of large amounts of sample. 
Furthermore, this technique can be employed for the pyrolysis of 
thermally unstable compounds since the sample does not have to be 
heated to allow introduction into the furnace. 
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2. Chiral Auxiliary from cc-D-Galactose (151) 
(Incorporating Isopropylidene Groups) 
2.1 Synthesis of Auxiliary (156) 
2.1.1 Preparation of 1,2:3,4-Di-0-isopropylidene-D- 
galactopyranose (152) 
This reaction was conducted according to the method reported by 
Raymond 105 . 
A mixture consisting of anhydrous a-D-galactose (151) (bOg, 0.556 
mol), acetone (1500 ml), fused zinc chloride (120g, 0.882 mol) and 
concentrated sulphuric acid (4 ml), was stirred mechanically at room 
temperature for 5 hours, after which time the reaction mixture had turned 
yellow in colour. 
The reaction mixture was treated with a solution of sodium 
carbonate (200g) in water (350 ml) and vigorously stirred for 1 hour. The 
precipitated salts were filtered off and washed thoroughly with acetone. 
The filtrate, consisting of two liquid phases, was evaporated in vacuo to 
remove acetone, and the crude product, separating as a pale yellow upper 
layer, was extracted into ether (3 x 200 ml), washed with water (100 ml), 
dried (MgSO4) and evaporated to yield 1,2:3,4-di-0-isopropylidene-D- 
galactopyranose (152) as a viscous, pale yellow syrup; (140.6g, 97%); Bp = 
145 OC/0.05  mmHg (lit. 106 Bp = 117 OC/0.015 mmHg); [aID22  = -51.80 
(c=2.0, CH202), (lit. 106  [(X]D = -52.60 (c=3, CHC13)). 
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2.1.2 Preparation of 1,2:3,4-Di-0-isopropylidene-D- 
galactopyranose-6-chtoroformate (153) 
A solution of 1,2:3 ,4-di-O-isopropyldene-D-galactopyranose (152) 
(50.0g, 0.192 mol) and pyridine (15.2g, 0.192 mol) in dry ether (250 ml), 
was added dropwise to a rapidly stirred solution of phosgene (286 ml of 
20% solution in toluene, 0.577 mol, 3 eq), at 0 °C, under argon. After 
addition was complete, the reaction mixture was warmed to room 
temperature and stirred at this temperature for 5 hours. 
The reaction mixture was filtered, the precipitate was washed 
thoroughly with ether and the filtrate evaporated to yield 1,2:3,4-di-0-
isopropylidene-D-galactopyranose-6-chloroformate (153) as a pale yellow 
oil (61.7g, 99%). This darkened rapidly on exposure to air and was used 
immediately for the next stage without further purification; Bp =120 
oC/0.5 mmHg; [a]D22  = -55.60 (c=2.51, CH202); 1H NMR (200MHz, 
CDC13) ö 5.45 (1H, d, J=5.0 Hz, C-1H), 4.57 (1H, dd, J=7.8, 2.5 Hz, C-3H), 
4.37 (2H,d, J=6.3 Hz, C-6H), 4.27 (1H, dd, J=5.0, 2.5 Hz, C-2H), 4.16 (1H, 
dd, J=7.8, 1.9 Hz, C-4H), 4.02 (1H, td, J=6.2, 1.8 Hz, C-5H), 1.45 (3H, s, 
CH3), 1.37(3H, s, CH3), 1.26 (6H, s, 2CH3) ppm; 13C NMR (50.3 MHz, 
CDC13) 6 150.44 (C=O), 109.63(quat C), 108.70 (quat C), 95.95 (CH), 70.46 
(2CH), 70.10 (CH), 70.03 (CH2), 65.22 (CH), 25.73 (2CH3), 24.64 (CH3), 
24.21 (CH3) ppm; IR (thin film) max  1780 (C0), 1380, 1010 cm -1 ; MS 
(ei) mlz 43 (base), 59 (28%), 81 (54), 307 (17, ( 35ClM-15)), 309 (6, 37C1M- 
15)); Accurate mass (FAB), Found: 323.08972; C13H20 35007 (M+H) 
requires: 323.08974. 
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2.1.3 Preparation of 1,2:3,4-Di-0-isopropylidene-D- 
galactopyranose-6-azidoformate (154) 
A solution of sodium azide (20.0g, 0.307 mol, 2 eq) and 
tetrabutylammonium bromide, TBAB, (0.5g) in water (300 ml) was added, 
in one go, to a rapidly stirred solution of 1,2:3,4-di-0-isopropylidene-D-
galactopyranose-6-chloroformate (153) (49.5g, 0.153 mol) in methylene 
chloride (300 ml). 
The reaction mixture was stirred vigorously for 5 hours and then 
the two layers were separated. The aqueous layer was extracted with 
methylene chloride (3 x 200 ml); the combined organic extracts were 
washed with water (100 ml), dried (MgSO4) and evaporated to yield a 
pale orange solid. This was recrystallised from hexane to afford 1,2:3,4-di- 
0-isopropylidene-D-galactopyranose-6-azidoformate (154) as a colourless 
solid (46.5g, 92%); Mp = 94-95 °C; [a]D25  = -58.50 (c=2.58, CH202); 1H 
NAM (200 MHz, CDC13) 8 5.50 (1H, d, J=5.0 Hz, C-1H), 4.60 (1H, dd, 
J=7.9, 2.5 Hz, C-3H), 4.35-4.27 (3H, m, C-6H, C-2H), 4.21 (1H, dd, J=7.9, 
2.0 Hz, C-4H), 4.07-3.99 (1H, m, C-5H) ppm; 13C NMR (50.3 MHz, 
CDC13) 6 157.24 (C=O), 109.62 (quat C), 108.70 (quat C), 96.04 (CH), 
70.61 (CH), 70.49 (CH), 70.20 (CH), 66.88 (CH2), 65.44 (CH), 25.82 (CH3), 
25.78 (CH3), 24.74 (CH3), 24.29 (CH3) ppm; IR (nujol) umax 22002140 
(N3), 1720 (C=O), 1240, 1070 cm- 1 . 
2.1.4 Solution Thermolysis of 1,2:3,4-Di-0-isopropylidene-D-
galactopyranose-6-azidoformate (154) 
A solution of 1,2:3 ,4-di-O-isopropylidene-D-galactopyranose-6-
azidoformate (154) (9.50g, 28.9 mmol) in dry 1,1,2,2-tetrachioroethane 
(TCE) (50 ml) was added, dropwise, onto boiling 1,1,2,2-tetrachioroethane 
(bp= 147 °C) (1000 ml), under argon. After addition was complete, the 
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reaction mixture was heated under reflux for a further 15 minutes, after 
which time t.l.c. indicated that all the starting material had reacted. 
After cooling to room temperature, the solution was evaporated in 
vacuo to yield a dark brown tar. This was subjected to flash column 
chromatography (300g silica) using ether as the elution solvent to yield 
(5R)-4-aza-7,8:9, 1 O-di-O-isopropylidene-2, 6-dioxa-5-spiro[4,5]decan-3-one 
(156) as an off-white solid (4.78g, 55%). An analytical sample was 
prepared by recrystallisation from ethyl acetate/hexane; Mp = 169-170 0C 
(from ethyl acetate/hexane); [aID22  = -88.40 (c=5.00, CHC13); 1 H NMR 
(200 MHz, CDC13) 8 6.34 (1H, brs, NH), 5.47 (1H, d, J=4.2 Hz, C-7H), 4.69 
(1H, ddd, J=7.3, 1.6, 0.4 Hz, C-9H), 4.44 (1H, d, J=10.1 Hz, C-1H), 4.32 
(1H, d, J=7.3 Hz, C-10H), 4.25 (1H, dd, J=10.1, 0.5 Hz, C-1H), 4.20 (1H, 
dd, J=4.2, 1.6 Hz, C-8H) ppm; 13C NMR (50.3 MHz, CDC13) 5  156.69 
(C=O), 109.86 (quat C), 109.78 (quat C), 94.50 (CH), 84.88 (quat C), 73.91 
(CH2), 73.72 (CH), 71.41 (CH), 69.84 (CH), 26.01 (CH3), 25.83 (CH3), 
24.75 (CH3), 24. .00 (CR3) ppm; IR (nujol) 1max  3380 (NH), 1785 (C0) 
cm-1 ; MS (ci) m/z 43 (99%), 59 (61), 85 (28), 100 (base), 113 (49), 286 (15, 
(M-15)), no M; Accurate mass (FAB), Found: 302.12395; C13H20N07 
(M+H) requires: 302.12396; Elemental analysis, Found: 51.6% C, 6.45% 
H, 4.65% N; C13H19N07 requires: 51.8% C, 6.31% H, 4.65% N; see 
appendix B, structure 1, for X-ray crystal structure. 
2.1.5 Preparation of 1,2:3,4-Di-O-isopropylidene-D-
galactopyranose-6-N-hydroxycarbamate (158) 
To a suspension of finely ground hydroxyammonium chloride 
(2.13g, 30.7 mmol) and potassium carbonate (4.24g, 30.7 mmol) in 
methylene chloride (100 ml), containing water (1 ml), was added, 
dropwise, a solution of 1,2:3 ,4-di-O-isopropylidene-D-galactopyranose-6- 
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chioroformate (153) (9.00g, 27.9 mmol) in methylene chloride (100 ml). 
After addition was complete, the reaction mixture was stirred at room 
temperature for 4 hours, after which time t.l.c. showed that no more 
starting material was present. 
The reaction mixture was filtered, the precipitate was washed with 
methylene chloride and the filtrate evaporated to give a thick, viscous oil. 
This was subjected to flash column chromatography (200g, silica) using 
hexane:ether (1:2) as the elution solvent to yield 1,2:3,4-di-0- 
isopropylidene-D-galactopyranose- 6-N-hydroxycarbamate 	(158) 	as 
colourless solid (8.90g, 100%); Mp = 132-133 O; [a]D25 = ..5330 (c=1.40, 
CH202); 1H NMR (200 MHz, CDC13) 8 7.89 (1H, br s, NH), 5.50 (1H, d, 
J=5.0 Hz, C-1H), 4.58 (1H, dd, J=7.9, 2.5 Hz), 4.34-4.14 (4H, m), 4.04-3.97 
(111, m), 1.47 (3H, s, CH3), 1.40 (3H, s, CR3), 1.29 (6H, s, 2CR3) ppm; 
13C NMR (50.3 MHz, CDC13) 8  158.68 (C=O), 109.54 (quat C), 108.78 
(quat C), 96.01 (CH), 70.68 (CH), 70.39 (CH), 70.11 (CH), 65.96 (CH), 
64.51 (CH2), 25.70 (2CH3), 24.70 (CR3), 24.21 (CH3) ppm; JR (nujol) 
umax 3300 (br, NH, OH), 1735 (C=O), 1705, 1525, 1060, 1000 cm-1 ; 
Accurate mass (FAB), Found: 320.13452; C13H22N08 (M+H) requires: 
320.13452. 
2.1.6 Preparation of 1,2:3,4-Di-O-isopropylidene-D- 
galactopyranose-6-p-nitrobenzenesulphonoxycarbamate (159) 
To a solution of 1,2:3,4-cli-O-isopropylidene-D-galactopyranose-6-N-
hydroxycarbamate (158) (2.00g, 6.27 minol) in dry ether (100 ml), under 
argon, was added in small portions solid p-nitrobenzenesulphonyl chloride 
(1.53g, 6.90 mmol). Triethylamine (0.57g, 5.64 mmol, 0.9 eq) was next 
added dropwise, ensuring that the reaction solution remained acidic at all 
times (moist pH paper used). The reaction mixture was stirred at room 
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temperature for 15 minutes, after which time t.l.c. showed the reaction to 
be complete. 
The mixture was filtered, the precipitate was washed thorougly 
with ether, and the filtrate evaporated. The crude product was subjected 
to flash column chromatography (150g silica) using, initially, 
hexane:ether (2:1) (500 ml), and then hexane:ether (1:1) as the elution 
solvent. This afforded 1,2:3,4-di-O-isopropylidene-D-galactopyranose-6-p- 
nitrobenzenesulphonoxycarbamate (159) as an off-white solid (2.32g, 74%); 
Mp = 168 0C (decomp); Ea]D25  = -40.90 (c=1.49, CH202); 'H NMR (200 
MHz, CDC13) 8 8.73 (111, s, NH), 8.30 (4H, ABq, J=9.0 Hz, Ar CH), 5.45 
(1H, d, J=5.0 Hz, C-1H), 4.57 (1H, dd, J=7.9, 2.5 Hz), 4.30 (1H, dd, J=5.0, 
2.6 Hz), 4.22-4.11 (3H, m), 4.09-3.84 (1H ,m), 1.43 (3H, s, CH3), 1.38 (3H, 
s, CH3), 1.30 (3H, s, CH3), 1.28 (3H,s, CH3) ppm; 13C NMR (50.3 MHz, 
CDCI3) ö 155.28 (C=O), 151.22 (Ar quat C), 138.76 (Ar quat C), 130.92 (Ar 
CH), 124.08 (Ar CH), 109.72 (quat C), 108.76 (quat C), 95.95 (CH), 70.62 
(CH), 70.39 (CH), 70.01 (CH), 66.41 (CH2), 65.80 (CH), 25.77 (2CH3), 
24.63 (CH3), 24.19 (CH3) ppm; LR (nujol) -umax 3200-3150 (NH), 1740 
(C=O), 1610, 1435, 1190, 1070, 1000, 750 cm -1 ; Accurate mass (FAB), 
Found: 505.11279; C19H25N2012S (M+H) requires: 505.11279. 
2.1.7 Base Induced a-Elimination of 1,2:3,4-Di-O-isopropylidene-D- 
galactopyranose-6-p-nitrobenzenesulphonoxycarbamate (159) 
This reaction was conducted according to the procedure developed 
by Lwowski69 
To a solution of triethylamine (0.022g, 0.218 mmol) in dry 
methylene chloride (20 ml), at 0 °C, under argon, was added, dropwise, a 
solution 	of 	1,2:3 ,4-di-O-isopropylidene-D-galactopyranose-6-p- 
nitrobenzenesulphonoxycarbamate (159) (0.100g, 0.198 mmol) in 
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methylene chloride (20 ml). After addition was complete, the reaction 
mixture was warmed to room temperature and stirred at this temperature 
for a further 15 minutes, after which time t.l.c. indicated that six 
components had formed. 
The reaction mixture was evaporated and the residue subjected to 
flash column chromatography (30g, silica) using a gradient of 
hexane:ether (pure hexane to pure ether in 10% increments). The first 
fraction to be eluted cleanly was 1,2:3,4-di-0-isopropylidene-D-
galactopyranose-6-carbamate (140) as a foam (0.006g, 10%); 1H NMR 
(200 MHz, CDC13) 8 6.82 (2H, br s, NH2), 5.53 (1H, d, J=5.2 Hz, C-1H), 
4.61 (1H, dd, J=7.7, 2.6 Hz, C-3H), 4.34-4.25 (3H, m, C-6H, C-2H), 4.28 
(1H, dd, J=7.8, 2.4 Hz, C-4H), 4.07-3.95 (1H, m, C-5H) ppm. 
The second fraction to be eluted cleanly was an off-white solid 
(0.009g, 15%); this was identified by 60 MHz 1H NMR as (5R)-4-aza-
7,8:9, 10-di-O-isopropylidene-2 ,6-dioxa-5-spiro[4,5]decan-3-one (156). 
2.2 Preparation of N-Acyl Derivatives of Auxiliary (156) 
2.2.1 Preparation of (5R)-N- (Propionyl) -4-aza- 7,8:9,1 O-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (183) 
To a solution of (5R)-4-aza-7,8:9,10-di-0-isopropylidene-2,6-dioxa-5-
spiro[4,5]decan-3-one (156) (5.00g, 16.6 mmol) in dry THF (100 ml), at -78 
°C under argon, was added n-butyl lithium (11.4 ml of 1.6M solution, 18.3 
mmol) via syringe. After stirring for 30 minutes, a solution of freshly 
distilled propionyl chloride (3.07g, 33.2 mmol, 2 eq) in THF (5 ml) was 
next added dropwise via syringe. The reaction mixture was warmed to 
room temperature and stirred at this temperature for 30 minutes, after 
which time t.l.c. showed the reaction to be complete. 
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Excess acid chloride was hydrolysed by addition of aqueous 1M 
sodium carbonate solution (10 ml), followed by vigorous stirring for 15 
minutes. THF was removed in vacuo and then the mixture was extracted 
with ether (3 x 50 ml). The combined ether extracts were washed with 
water (20 ml), dried (MgSO4) and evaporated to give a yellow solid. This 
was recrystallised from ethyl acetate to yield (5R)-N-(propionyl)-4-aza- 
7,8:9, 1O-di-O-isopropylidene-2 , 6-dioxa-5-spiro[4,5]decan-3-one (183) as 
colourless crystals (5.09g, 86%, from 2 crops); Mp = 186-187 °C (from 
ethyl acetate); [a]D25  = +16.40 (c=2.58, CH202); 1H NMR (200 MHz, 
CDC13) 6 5.33 (1H, d, J=2.6 Hz, 1H, C-7H), 4.95 (1H, d, J=5.4 Hz, C-9H), 
4.61 (1H, d, J=5.4 Hz, C-10H), 4.52 (1H, d, J=10.4 Hz, C-1H), 4.27 (1H, d, 
J=10.4 Hz, C-1H), 3.98 (1H, dd, J=2.6, 0.4 Hz, C-8H), 2.98-2.80 (2H, symm 
M, CH3Cff2-C=O),  1.40 (3H, s, CH3), 1.39 (3H, s, CR3), 1.35 (3H, s, CH3), 
1.32 (3H, s, CH3), 1.09 (3H, t, J=7.3 Hz, Cff3CH2-C=O) ppm; 13C NMR 
(50.3 MHz, CDC13) 6 173.56 (C=O), 153.01 (C=O), 111.50 (quat C), 108.69 
(quat C), 94.26 (CH), 88.92 (quat C), 78.68 (CH), 75.98 (CH), 73.41 (CH), 
69.01 (CH2), 29.89 (CR2), 27.41 (CH3), 26.92 (CH3), 25.72 (CH3), 25.46 
(CH3), 7.96 (CH3) ppm; IR (nujol) umax  1785 (d, oxazolidinone C=O), 1780 
(C=O), 1310, 1280, 1225, 1165, 1080, 1060, 1040 cm-1 ; MS (ci) mlz 43 
(45%), 57 (base), 59 (34), 100 (85), 113 (36), 129 (29), 342 (15, (M -15)), 
no M; Accurate mass (FAB), Found: 358.15016; C16H24N08 (M+H) 
requires: 358.15017; Elemental analysis, Found: 53.6% C, 6.50% H, 
3.88% N, C16H23N08 requires: 53.8% C, 6.44% H, 3.92% N); see 
appendix B, structure 2 for X-ray crystal structure. 
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2.2.2 Preparation of (5R)-N-((E)-Crotonyl)-4-aza- 7,8.9,1O-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (161) 
This reaction was conducted with (5R)-4-aza-7,8:9,10-di-0-
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (156) (2.00g, 6.64 mmol) 
and freshly distilled crotonyl chloride (1.39g, 13.3 mmol, 2 eq) according to 
the procedure given in section 2.2.1. 
The crude product was subjected to flash column chromatography 
using hexane:ether (1:1) as the elution solvent to give an oil which later 
crystallised on standing. This was recrystallised from diisopropyl ether to 
yield (5R)-N-((E) -crotonyl) -4-aza- 7,8:9, 10-di- O-isopropylidene-2 , 6-dioxa-5- 
spiro[4,5]decan-3-one (161) as colourless crystals (1.96g, 80%); Mp = 102-
103 °C (from diisopropyl ether); [a]D25  = +15.60 (c=1.90, CH202); 1H 
NMR (200 MHz, CDC13) ö 7.15-7.08 (2H, m, CH=CH), 5.33 (1H, d )  J=2.5 
Hz, C-7H), 4.94 (1H, d, J=5.4 Hz, C-9H), 4.62 (1H, d, J=5.4 Hz, C-10H), 
4.51 (1H, d, J=10.4Hz, C-1H), 4.27 (1H, d, J=10.4 Hz, C-1H), 3.95 (1H, d, 
J=2.6 Hz, C-8H), 1.39 (3H, s, CH3), 1.37 (3H, s, CH3), 1.33 (3H, s, CH3), 
1.30 (3H, s, CH3), 1.07 (3H, d, J=6.1 Hz, CH.3CH=) ppm; 13C NMR (50.3 
MHz, CDC13) 8 164.22 (C=O), 152.90 (C=O), 147.45 (CH=), 122.11 (CH=), 
111.40 (quat C), 108.53 (quat C), 94.13 (CH), 88.97 (quat C), 78.70 (CH), 
75.92 (CH), 73.37 (CH), 69.01 (CH2), 27.37 (CH3), 26.87 (CH3), 25.64 
(CH3), 25.37 (CH3), 18.36 (CH3) ppm; IR (nujol) -uma. 1780 
(oxazolidinone C=O), 1690 (C=O), 1630 (C=C) cm -1 ; MS (ei) m/z 43 (27%), 
59 (23), 69 (base), 85 (23), 100 (91), 113 (51), 129 (25), 354 (19, (M-15)), 
no M; Accurate mass (FAB), Found: 370.15017; C17H24N08 (M+H) 
requires: 370.15018. 
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2.2.3 Preparation of (5R) -N-((E)-Cinnamoyl)-4-aza-7,8:9,1O-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (162) 
This reaction was conducted with (5R)-4-aza-7,8:9,10-di-0-
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (156) (1.00g, 3.32 mmol) 
and freshly distilled cinnamoyl chloride (0.830g, 4.98 mmol, 1.5 eq) 
according to the procedure given in section 2.2.1. Upon warming the 
reaction mixture to room temperature, a yellow precipitate was formed. 
Work up was conducted as in section 2.2.1. 
The crude product from this reaction was triturated with a little 
ether and then the mixture was filtered to yield (5R)-N-((E)-cinnamoyl)-4-
aza- 7,8:9, 1O-di-O-isopropylidene-2 , 6-dioxa-5-spiro[4,5]decan-3-one (162) 
as a colourless solid (1.01g, 71%); Mp = 254-255 0C; [a] 22 = 5.20 
(c=0.41, CH202); 1H NMR (200 MHz, CDC13) 8 7.90 (1H, d, J=15.7 Hz, 
Cff=CH), 7.72 (1H, d, J=15.7 Hz, CH=Cff), 7.61-7.56 (2H, m, ortho-Ph), 
7.42-7.35 (3H, m, meta+para Ph), 5.40 (1H, d, J=2.6 Hz, C-7H), 5.06 (1H, 
d, J=5.4 Hz, C-9H), 4.72 (1H, d, J=5.4 Hz, C-10H), 4.59 (1H, d, J=10.4 Hz, 
C-1H), 4.35 (1H, d, J=10.4 Hz, C-1H), 4.04 (1H, d, J=2.6 Hz, C-8H), 1.46 
(3H, s, CH3), 1.43 (3H, s, CH3), 1.39 (3H, s, CH3) ppm; 13C NMR (50.3 
MHz, CDC13) 8  164.67 (C=O), 153.10 (C=O), 147.03 (CH=), 134.20 (Ar 
quat C), 130.73 (Ar CH), 128.76 (Ar CH), 128.55 (Ar CH), 117.14 (CH=), 
111.57 (quat C), 108.68 (quat C), 94.27 (CH), 89.17 (quat C), 78.82 (CH), 
76.03 (CH), 73.56 (CH), 69.29 (CH2), 27.53 (CH3), 27.02 (CH3), 25.74 
(CH3), 25.49 (CH3) ppm; MS (ei) mlz 43 (22%), 100 (83), 103 (23), 113 
(46), 131 (base), 416 (4, (M-15)), no M; Accurate mass (FAB), Found: 
432.16585; C22H26N08 (M+H) requires: 432.16583. 
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2.2.4 Preparation of (5R)-N-(Acryloyl)-4-aza- 7,8.9,10-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (160) 
This reaction was conducted according to the method reported by 
Evans12 
To dry magnesium turnings (0.351g, 14.6 mmol, 1.1 eq) at room 
temperature, under argon, was added sufficient methyl bromide solution 
to just cover the turnings (approximately 10 ml of 2M solution in ether). 
After the reaction had started (gentle warming was required), more 
methyl bromide was added at a rate sufficient to sustain the reaction. 
When all of the magnesium turnings had been consumed, the solution was 
cooled to 0 °C and a solution of (5R)-4-aza-7,8:9,10-di-O-isopropylidene-
2,6-dioxa-5-spiro[4,5]decan-3-one (156) (4.00g, 13.3 mmol) in THF (20 nil) 
was added via syringe. After stirring at 0 °C for 15 minutes, the solution 
was cooled to -78 OC  and a solution of freshly distilled acryloyl chloride 
(2.41g, 26.7 mmol, 2 eq) in THF (10 ml) was added. The reaction mixture 
was stirred at -78 °C for 5 minutes, then warmed to room temperature 
and stirred at this temperature for 15 minutes, after which time t.l.c 
showed that the reaction was complete. 
The reaction was quenched with 1M sodium carbonate solution (10 
ml) and THF was removed in vacuo. The mixture was then extracted with 
ether (3 x 50 ml); the combined ether extracts were washed with water (3 
x 50 ml), dried (MgSO4) and evaporated. The residue was subjected to 
flash column chromatography using hexane:ether (2:1) elution. The first 
fraction to be eluted was (5R)-N-(aciyloyl)-4-aza-7,8:9, 1O-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (160) as a colourless solid 
(2.97g, 63%); Mp = 155-156 C; [a]D26=  +21.10 (c=1.96, CH202); 'H 
NMR. (80 MHz, CDC13) 8 7.35 (1H, dd, J=16.9, 10.3 Hz, Cff=CH2), 6.47 
(1H, dd, J=16.9, 1.9 Hz, =CHH),  5.83 (1H, dd, J=10.3, 1.9 Hz, =CHfi),  5.33 
IE;11 
(1H, d, J=2.6 Hz, C-7H), 4.94 (1H, d, J=5.5 Hz, C-9H), 4.64 (1H, d, J=5.6 
Hz, C-10H), 4.54 (1H, d, J=10.5 Hz, C-1H), 4.27 (1H, d, J=10.4 Hz, C-1H), 
3.98 (1H, d, J=2.6 Hz, C-8H), 1.38 (6H, s, 2CH3), 1.33 (3H, s, CH3), 1.31 
(3H, s, CH3) ppm; 13C NMR (50.3 MHz, CDC13) ö 164.28 (C=O), 152.78 
(C=O), 132.21 (CH2=), 127.76 (CH=), 111.45 (quat C), 108.67 (quat C), 
94.20 (CH), 88.99 (quat C), 78.57 (CH), 75.87 (CH), 73.17 (CH), 69.21 
(CH2), 27.38 (CH3), 26.86 (CH3), 25.66 (CH3), 25.38 (CH3) ppm; ER 
(nujol) -omax  1795 (oxazolidinone C=O), 1700 (C=O), 1620 (C=C) cm -1 ; MS 
(ei) mlz 43 (44%), 55 (base), 100 (36), 340 (6, (M-15)), no M; Accurate 
mass (FAB), Found: 356.13452; C16H22N08 (M+H) requires: 356.13453; 
Elemental analysis, Found: 53.9% C, 5.87% H, 3.96% N; C16H21N08 
requires: 54.1% C, 5.92% H, 3.94% N. 
The second fraction to be eluted was (5R)-3-O-acryloyl-4-aza-
7,8:9,1 0-di- 0 -isopropylidene-2, 6-dioxa-5-spiro[4,5]dec-3-ene (167) as a 
colourless solid (0.70g, 15%); Mp = 135-137 °C (from diisopropyl ether); 
1H NMR (200 MHz, CDC13) 8 7.06 (1H, dd, J=16.9, 10.3 Hz, Cff=CH2), 
6.48 (1H, dd, J=16.9,1.6 Hz, =CflH),  5.87 (1H, dd, J=10.3,1.6 Hz, =CHfl), 
5.71 (1H, d, J=3.4 Hz, C-7H), 4.57 (1H, d, J=8.6 Hz, C-9H), 4.48 (1H, d, 
J=3.5 Hz, C-8H), 4.38 (1H, d, J=9.4 Hz, C-1H), 4.29 (1H, d, J=9.4 Hz, C- 
1H), 4.25 (1H, d, J=8.6 Hz, C-10H), 1.48 (3H, s, CH3), 1.36 (3H, s, CH3), 
1.31 (3H, s, CH3), 1.29 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, CDC13) 
165.66 (C=O), 153.54 (C=N), 131.55 (CH2=), 128.86 (CH=), 110.18 (quat 
C), 109.65 (quat C), 97.09 (CH), 89.59 (quat C), 77.14 (CH), 75.42 (CH), 
74.90 (CH2), 70.36 (CH), 27.42 (CH3), 25.66 (CH3), 24.15 (CH3), 23.11 
(CH3) ppm; lB (nujol) max  1790 (C=N), 1710 (C0), 1620 (C=C) cm-1 ; 
Accurate mass (FAB), Found: 356.13451; C16H22N08 (M+H) requires: 
356.13453. 
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2.3 Applications of Auxiliary (156) 
2.3.1 Asymmetric Lewis Acid Catalysed Diels-Alder Reactions 
Given below is the general procedure for conducting Lewis acid 
catalysed asymmetric Diels-Alder reactions with cyclopentadiene. The 
Lewis acid catalyst used was diethylaluminium chloride (available from 
Aldrich as a 1.8M solution in toluene). 
2.3.1.1 	With '5R,-N-'AcryIoyI)4-aza-7,8:9, 10-di-0- 
isopropylidene-2,6-dioxa -5-spirof4, 5Jdecan-3-one (160) 
To a solution of (5R)-N-(acryloyl)-4-aza-7,8:9,10-di-0-
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (160) (0.50g, 1.41 mmol) 
in dry methylene chloride (20 ml), at -78 0C, under argon, was added 
freshly cracked cyclopentadiene (0.93g, 14.1 mmol, 10 eq), followed 
immediately by diethylaluminium chloride (1.1 ml of 1.8M solution, 1.97 
mmol, 1.4 eq) (a transient yellow colour was observed). 
The reaction mixture was stirred at -78 °C for 15 minutes and then 
quenched with saturated ammonium chloride solution (5 ml). The solution 
was allowed to warm up to room temperature, then poured onto a 1:1 
methylene chloride/water mixture and separated. The aqueous layer was 
extracted with methylene chloride (3 x 20 ml). The combined organic 
extracts were washed with water (10 ml), dried (MgSO4) and evaporated 
to yield a thick gum. This was subjected to flash column chromatography 
in order to remove excess cyclopentadiene. Elution with hexane:ether (5:1) 
afforded the Diels-Alder product as a viscous oil which crystallised on 
standing (0.49g, 83%). 
Examination of the 360 MHz 111  N1VLR spectrum of this product 
indicated that the endo:exo selectivity was 98:2 and that the endo 
diastereomeric excess was 80%. These ratios were determined by 
integration of the doublet of doublet signals in the range 5.70 - 6.30 ppm 
arising from the alkenic protons in the product). The major diastereomer 
was identified as (5R)-N-((3'S, 4'S, 6'S)-bicyclo[2.2. 1]heptene-4'-carbonyl)- 
4-aza- 7,8:9,1 0-di- O-isopropylidene-2 , 6-dioxa-5-spiro[4,5]decan-3-one 
(163); Mp = 121-122 °C (from hexane); [ct]D26 = ..750 (c=0.92, CH202); 
1H NMR (200 MHz, CDC13) 8 6.16 (1H, dd, J=5.6, 3.1 Hz, Cff=CH), 5.79 
(1H, dd, J=5.6, 2.8 Hz, CH=Cfl),  5.30 (1H, d, J=2.6 Hz, C-7H), 4.85 (1H, d, 
J=5.4 Hz, C-9H), 4.50 (1H, d, J=10.4 Hz, C-1H), 4.45 (1H, d, J=5.4 Hz, C-
10H), 4.25 (1R, d, J=10.4 Hz, C-1H), 4.01-3.93 (2H, m, C-8H, CH-C=O), 
3.22 (1H, br s, bridgehead CH), 2.87 (1R, br d, J=1.3 Hz, bridgehead CH), 
2.22-2.13 (111, m), 1.89-1.77 (1H, m), 1.38 (3H, s, CH3), 1.35 (3H, s, CH3), 
1.32 (3H, s, CH3), 1.30 (3H, s, CR3), 1.25-0.81 (2H, m, CR2) ppm; 13C 
NMR (50.3 MHz, CDC13) 8 173.72 (C=O), 152.87 (C=O), 138.33 (CH=), 
130.87 (CH=), 111.58 (quat C), 108.69 (quat C), 94.20 (CH), 89.36 (quat 
C), 78.61 (CH), 76.05 (CH), 73.22 (CH), 68.37 (CR2), 50.02 (CR2), 46.37 
(CH), 44.29 (CH), 42.68 (CH), 28.62 (CH2), 27.46 (CR3), 26.89 (CR3), 
25.81 (CR3), 25.49 (CH3) ppm; IR (nujol) -omax 1790 (d, oxazolidinone 
C=O), 1720 (C=O), 1230, 1085 cm-1 ; Accurate mass (FAB), Found: 
422.18145; C21H28N08 (M+H) requires: 423.18147; Elemental 
analysis, Found: 59.6% C; 6.38% H, 3.39% N, C21H27N08 requires: 
59.8% C, 6.41% H, 3.33% N; see appendix B, structure 3 for X-ray crystal 
structure. 
2.3.1.2 	With (5R)-N-((E)-Crotonyl)-4-aza-7,8:9, 10-di-0- 
isopropylidene-2,6-dioxa -5-spiro[4, 5]decan-3-one (161) 
The Diels-Alder reaction between (5R)-N-((E)-crotonyl)-4-aza-
7,8:9, 10-di-O-isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-Ofle 	(161) 
(0.500g, 1.36 mmol) and cyclopentadiene (0.89g, 13.6 imnol, 10 eq) was 
conducted at -78 0C according to the procedure given in section 2.3.1.1 
above. 
The product obtained after flash column chromatography (0.58g, 
98%) was analysed by 360 MHz 1H NMR spectroscopy. This indicated that 
the endo:exo selectivity was 99:1 and that the endo diastereomeric excess 
was 89%. The major diastereomer was identified as (5R)-N-((3'S, 4'S, 5'R, 
6'S)-5 '-met hylbi cyclo[2 .2. 1]heptene-4 '-carbonyl)-4-aza- 7,8:9, 1O-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (164); Mp = 110-111 0C 
(from hexane); [a]D26  = -1420 (c=0.20, CH202); 1H NMR (200 MHz, 
CDC13) 8 6.33 (1H, dd, J=5.6, 3.1 Hz, Cfl=CH), 5.72 (1H, dd, J=5.6, 2.7 
Hz, CH=Ci),  5.33 (1H, d, J=2.6 Hz, C-7H), 4.87 (1H, d, J=5.4 Hz, C-9H), 
4.50 (1H, d, J=10.4 Hz, C-1H), 4.41 (1H, d, J=5.4 Hz, C-10H), 4.26 (1H, d, 
J=10.4 Hz, C-1H), 3.97 (1H, d, J=2.6 Hz, C-8H), 3.49 (1H, t, J=4.1 Hz,CH- 
C=O), 3.22 (1H, br s, bridgehead CH), 2.47 (1H, br d, J=1.2 Hz, 
bridgehead CH), 2.14-2.08 (1H, m, CffCH3),  1.66 (1H, br d, J=8.7 Hz, 
CHH), 1.43 (1H, d, J=1.8 Hz, CHli),  1.39 (6H, s, 2CH3), 1.34 (3H, s, CH3), 
1.32 (3H, s, CR3), 1.04 (3H, d, J=7.1 Hz, Cff3CH)  ppm; 13C NMR (50.3 
MHz, CDC13) 8  173.42 (C=O), 152.91 (C=O), 140.19 (CH=), 130.09 (CH=), 
111.51 (quat C), 108.66 (quat C), 94.16 (CH), 89.38 (quat C), 78.61 (CH), 
76.04 (CH), 73.19 (CH), 68.30 (CR2), 52.53 (CH), 49.21 (CH), 47.39 (CH), 
46.91 (Cl2), 35.40 (CH), 27.36 (CH3), 26.89 (CH3), 25.77 (CH3), 25.50 
(CH3), 20.12 (CR3) ppm; JR (nujol) uma. 1790 (C0), 1720 (C0), 1090 
cm-1 ; Accurate mass (FAB) Found: 436.19711; C22H30N08 (M+H) 
requires: 436.19712. 
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2.3.1.3 	With (5R)-N-((E)-Cinnamoyl)-4-aza-7,8:9, 1O-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4, 5]decan-3-one (163) 
The Diels-Alder reaction between (5R)-N-((E)-cinnamoyl)-4-aza-
7,8:9, 10-di-O-isopropylidene-2,6-dioxa-5-spiro[4,5ldecan-3-one (162) 
(0.500g, 1.16 mmol) and cyclopentadiene (0.77g, 11.6 mmol, 10 eq) was 
conducted according to the procedure given in section 2.3.1.1 above. After 
addition of the diethylaluminium chloride catalyst, the reaction mixture 
was warmed to -20 °C (dry ice/carbon tetrachloride) and stirred at this 
temperature for 30 minutes, after which time the yellow colour of the 
solution had faded and t.l.c. showed the reaction to be complete. Work up 
of the reaction mixture was contiued as in section 2.3.1.1 above. 
The product obtained after flash column chromatography (0.57g, 
99%) was analysed by 360 MHz 1H NMR spectroscopy. This indicated that 
the endo:exo selectivity was 98:2 and that the endo diastereomeric excess 
was 92%. The major diastereomer was identified as (5R)-N-((3'S, 4'R, 5'R, 
6'S)-5 ' -phenylbi cyclo[2.2 . 1]heptene-4 '-carbonyl)-4-aza- 7,8:9, 1O-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (165); Mp = 197-198 0C 
(from ethanol); [a]D 26  = -1300 (c=1.0, CH202); 'H NMR (200 MHz, 
CDC13) 5 7.28-7.14 (5H, m, Ph), 6.51 (1H, dd, J=5.3, 3.2 Hz, Cff=CH), 5.91 
(1H, dd, J=5.4, 2.6 Hz, CH=Cj), 5.35 (1H, d, J=2.6 Hz, C-7H), 4.95 (1H, d, 
J=5.2 Hz, C-9H), 4.55 (1H, d, J=10.5 Hz, C-1H), 4.95 (1H, J=5.2 Hz, C-
10H), 4.55 (1H, d, J=10.5 Hz, C-1H), 4.47 (1H, d, J=5.4 Hz, C-10H), 4.30 
(1H, d, J=10.5 Hz, C-1H), 4.16 (1H, dd, J=5.1, 3.4 Hz, CH-C=O), 4.01 (1H, 
d, J=2.5 Hz, C-8H), 3.42-3.39 (2H, m, CHPh, bridgehead CH), 3.06 (1H, br 
s, bridgehead CH), 1.93 (1H, br d, J=8.7 Hz, CffH),  1.61-1.56 (1H, m, 
CHH), 1.42 (3H, s, CH3), 1.39 (3H, s, CH3), 1.37 (3H, s, CH3), 1.36 (3H, s, 
CH3) ppm; 13C NMR (50.3 MHz, CDC13) 8 173.17 (C=O), 152.79 (C=O), 
143.47 (Ar quat C), 140.58 (CH=), 131.53 (CH=), 128.25 (Ar CH), 127.28 
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(Ar CH), 125.86 (Ar CH),111.64 (quat C), 108.76 (quatC), 94.17 (CH), 
89.39 (quat C), 78.72 (CH), 76.18 (CH), 73.34 (CH), 68.34 (CH2), 52.09 
(CH), 48.68 (CH), 48.07 (CH2), 47.48 (CH), 45.57 (CH), 27.43 (CH3), 26.94 
(CH3), 25.78 (CH3), 25.57 (CH3) ppm; IR (nujol) 'u ma. 1770 
(oxazolidinone C=O), 1700 (C=O) cm -1 ; Accurate mass (FAB) Found: 
498.21274; C27H32N08 (M+H) requires: 498.21277. 
2.3.1.4 	Reaction of (5R)-N-(Acryloyl)-4-aza-7,8:9, 10-di-0- 
isopropylidene-2,6-dioxa-5-spirof4,5Jdecan-3-one (160) 
with isoprene 
The reaction between 	(5R)-N-(acryloyl)-4-aza-7 ,8:9, 10-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (160) (0.300g, 0.845 
mmol) and isoprene (0.570g, 8.45 mmol, 10 eq) was conducted at -78 °C 
according to the procedure given in section 2.3.1.1 above. 
The product obtained after flash column chromatography (0.318g, 
89%) was analysed by 200 MHz 11-I  NMR spectroscopy. This indicated that 
a single regioisomer had formed with a diastereomeric excess > This 
diastereomer was identified as (5R)-N-((4'S)-1 '-met hylcyclohexene-4'- 
carbonyl)-4-aza- 7,8:9, 1O-di-O-isopropylidene-2 , 6-dioxa-5-spiro[4,5]decan-
3-one (140); 'H NMR (200 MHz, CDC13) 5 5.33 (2H, br d, J=2.5 Hz, 
Cj=CH2, C-7H), 4.97 (1H, d, J=5.3 Hz, C-9H), 4.56 (1H, d, J=5.3 Hz, C-
10H), 4.51 (1H, d, J=10.5 Hz, C-1H), 4.26 (1H, d, J=10.5 Hz, C-1H), 3.97 
(1H, dd, J=2.5, 0.6 Hz, C-8H), 3.63-3.60 (IH, symm m, CH-C=O), 2.24-1.90 
(6H, br m, 3CH2), 1.61 (3H, br s, CH3), 1.39 (3H, s, CH3), 1.38 (3H, s, 
CH3), 1.35 (3H, s, CH3), 1.32 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, 
CDC13) 5 175.89 (C=O), 152.64 (C=O), 133.63 (quat C), 118.73 (CH=), 
108.59 (quat C), 94.18 (quat C), 89.05 (quat C), 79.00 (CH), 76.03 (CH), 
73.74 (CH), 68.89 (CH2), 38.85 (CH), 29.34 (CH2), 27.46 (CH), 27.12 
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(CH2), 27.02 (CH3), 25.73 (CH3), 25.54 (CH2, CH3), 23.21 (CH3) ppm; 
Accurate mass (FAB) Found: 424.19708; C21H30N08 (M) requires: 
424.19710 
2.3.1.5 	Cleavage of (5R)-N-((3'S, 4'S, 6'S)-Bicyc!of2.2. 1Jheptene- 
4!carbonyl)-4-aza- 7,8:9,1 0-di-0-isopropylidene-2, 6.dioxa-5-
spirof4, 5Jdecan-3-one (163) 
To a solution of benzyl alcohol (0.075g, 0.696 mmol, 2 eq) in dry 
THF (2 ml), at -78 °C, under argon, was added n-butyl lithium (0.24 ml of 
1.6M solution, 0.392 mmol). After stirring for 10 minutes, a solution of 
(5R)-N-((3'S, 4'S, G'S)-bicyclo[2.2. 1]heptene-4'-carbonyl)-4-aza-7,8:9, lO-di-
O-isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (163) (0.150g, 0.356 
mmol) in THF (5 ml) was added dropwise via syringe. The solution was 
stirred at -78 °C for 10 minutes, then warmed to room temperature and 
stirred at this temperature for 15 minutes, after which time t.l.c. indicated 
that the reaction was complete. 
The reaction was quenched with saturated ammonium chloride 
solution (10 ml), and then THF was removed in vacuo. The mixture was 
then poured onto a 1:1 ether/water mixture and separated. The aqueous 
layer was extracted with ether (3 x 20 ml). The combined ether extracts 
were washed with water (10 ml), dried (MgSO4) and evaporated. 
The resulting crude residue was subjected to flash column 
chromatography (50g silica). Elution with hexane:ether (5:1) (500 ml) 
gave benzyl (3S, 4S, 6S)-bicyclo[2.2.lJheptene-4-carboxylate (168) as a 
colourless, viscous oil (0.065g, 82%); [aID24 = -125 0 (c=1.10, CH202), 
(lit. 12  [(XID = - 1290 (c=1.37, CHC13)); 'H NMR (200 MHz, CDC3) ö 7.42- 
7.23 (5H, m, Ph), 6.19 (1H, dd, J=5.6, 3.0 Hz, Cff=CH),  5.88 (1H, dd, 
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J=5.6, 2.8 Hz, CH=Cfl),  5.08 (2H, ABq, J=12.4 Hz, PhCH20), 3.27-3.21 
(1H, br s, bridgehead CH), 3.05-2.98 (1H, m, CH-C=O), 2.96-2.90 (1H, br 
s, bridgehead CH), 1.98-1.86 (1H, m, CHH),  1.51-1.40 (2H, m, CH2), 1.30- 
1.25 (1H, m, CHff)  ppm; 13C NMR (50.3 MHz, CDC13) 6 174.41 (C=O), 
1.37.64 (CH=), 136.18 (Ar quat C), 132.13 (CH=), 128.33 (Ar CH), 127.90 
(2Ar CH), 65.84 (CH2), 49.47 (CH), 45.64 (CH), 43.21 (CH2), 42.41 (CH), 
29.07 (CH2) ppm; IR (thin film) u 	1730 (C=O), 1610-1570 (t, C=C), 
1340, 1170, 700 cm4 . 
Further elution with hexane:ether (3:1) (500 ml) yielded benzyl 
alcohol. Finally, elution with pure ether (500 ml) gave an off-white solid 
which was shown by 1B NMR and 'C NMR (DEPT) to consist of a 
mixture of (5R) and (5S)-4-aza-7,8:9,10-di-0-isopropylidene-2,6-dioxa-5- 
spiro[4,5]decan-3-one (156) (0.098g, 91% recovery); 1H NMR (200 MHz, 
CDC13) 6 7.44 (1H, br s, NH), 6.51 (1H, br s, NH), 5.48-5.45 (2H, m), 4.71- 
4.06 (10H, complex m, 6 CH, 2 CH2), 1.58-1.21 (24H, m, 8 CH3) ppm; 
NAM (50.3 MHz, CDC13) 6 158.30 (C=O), 156.87 (C=O), 110.57 (2 quat C), 
109.83 (2 quat C), 94.44 (CH), 94.21 (CH), 87.36 (quat C), 84.88 (quat C), 
73.98 (CH2), 73.84 (CH), 73.67 (CH), 73.51 (CH), 73.25 (CH2), 71.44 (CH), 
70.82 (CH), 69.79 (CH), 27.16 (CH3), 26.03 (CR3), 25.81 (2 CR3), 25.48 
(CH3), 24.88 (CH3), 24.77 (CH3), 24.01 (CR3) ppm. 
2.3.1.6 	Cleavage of (5R)-N-((3'S, 4'S, 5R, 6'S)-5'- 
Methylbicyclo[2.2. 1]heptene-4 '-carbon yl) -4-aza-7,8:9, 10-di- 
0-isopropylidene-2, 6-dioxa-5-spirof4,5Jdecan-3-one (164) 
The cleavage reaction on (5R)-N-((3'S, 4'S, 5'R, 6'S)-5'-
methylbicyclo[2 .2. 1]heptene-4'-carbonyl)-4-aza-7 ,8:9, 10-di-O-
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (164) (0.200g, 0.460 
mmol) was conducted according to the procedure given in section 2.3.1.5 
above. This afforded benzyl (3S, 4S, 5R, 6R)-5-methylbicyclo[2.2.1]heptene- 
4-carboxylate (169) as a colourless, viscous oil (0.098g, 88%); [a]D 23 = - 
1270 (c=1.96, CHC13), (lit. 12 [(XID24 = -130 0 (2.14, CHC13)); 'H NMR (200 
MHz, CDC13) ö 7.43-7.30 (5H, m, Ph), 6.28 (1H, dd, J=5.7, 3.2 Hz, 
Cfl=CH), 5.98 (1H, dd, J=5.7, 2.8 Hz, CH=Cfl),  5.09 (2H, ABq, J=12.5 Hz, 
PhCH20), 3.17-3.15 (111, hr s, bridgehead CH), 2.50-2.43 (2H, m, 
bridgehead CH, CH-C=O), 1.94-1.84 (1H, symm m, CffCH3), 1.59-1.41 
(2H, m, CH2), 1.21 (3H, d, J=7.0 Hz, CH3) ppm; 13C NMR (50.3 MHz, 
CDC13) 8 174.33 (C=O), 138.58 (CH=), 136.25 (Ar quat C), 133.08 (CH=), 
128.34 (Ar CH), 127.85 (Ar CH), 127.74 (Ar CH), 65.73 (CH2), 52.39 (CH), 
48.70 (CH), 45.84 (CH2, CH), 37.71 (CH), 20.83 (CH3) ppm; ER (thin film) 
Umax  1730 (C=O), 1610-1570 (t, C=C), 1450, 1220, 1010, 710, 690 cm-1 . 
2.3.1.7 	Cleavage of (5R)-N-((3'S, 4 1R, 5'R, 6'S)-5'- 
Phenylbicyclof2.2. 1Jheptene4 '-carbon yl)-4-aza-7,8:9, 10-di- 
0-iso pro pylidene-2, 6-dioxa -5-spirof4, 5Jdecan-3-one (165) 
The cleavage reaction on (5R)-N-((3'S, 4'R, 5'R, 6'S)-5'-
phenylbicyclo[2.2. 1]heptene-4'-carbonyl)-4-aza-7,8:9, 10-di-O-
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (165) (0.150g, 0.302 
mmol) was conducted according to the procedure given in section 2.3.1.5 
above. This afforded benzyl (3S, 4S, 5R, 6R)-5-phenylbicyclo[2.2. lJheptene- 
4-carboxylate (170) as a colourless, viscous oil (0.080g, 89%); [aID = -1180 
(c=1.65, CH202), lit. 12  [aID24 = -121 0 (c=1.33, CHC13); 'H NMR (200 
MHz, CDC13) ö 7.51-7.16 (10H, m, 2Ph), 6.43 (1H, dd, J=5.7, 3.3 Hz, 
Cfl=CH), 6.07 (111, dd, J=5.7, 2.8 Hz, CH=Cff),  5.13 (2H, ABq, J=12.5 Hz, 
PhCH20), 3.33 (111, hr s, bridgehead CH), 3.18-3.15 (111, m, CH-C=O), 
3.08-3.04 (211, m, bridgehead CH, CH-Ph), 1.83-1.78 (1H, m, CffH),  1.62- 
1.56 (1H, m, CHff)  ppm; 13C NMR (50.3MHz, CDC13) 8  173.83 (C0), 
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143.99 (Ar quat C), 138.91 (CH=), 136.06 (Ar quat C), 134.23 (CH=), 
128.25 (2Ar CH), 127.79 (Ar CH), 127.25 (Ar CH), 125.81 (Ar CH), 66.00 
(CH2), 52.06 (CH), 48.12 (CH), 47.30 (CH), 46.16 (CH2), 29.46 (CH) ppm; 
IR (thin film) Dm  1730 (C=O), 1640-1590 (C=C) cm-1 . 
2.3.1.8 	Cleavage of (5R)-N-((4 'S)- 1 '-Methylcyclohexene-4 - 
carbon yl) -4-aza-7, 8:9,1 0-di-0-isopropylidene-2, 6-dioxa-5-
spiro[4, 5]decan-3-one (140) 
The cleavage reaction on (5R)-N-((4'S)- 1'-methylcyclohexene-4'-
carbonyl)-4-aza-7 ,8 :9, 10-di-O-isopropylidene-2 ,6-dioxa-5-spiro[4,5]decan-
3-one (140) (0.146g, 0.345 mmol) was conducted according to the 
procedure given in section 2.3.1.5 above. This afforded benzyl (4S)-1-
methy1cyclohexene-4-carboxylate (141) as a clear viscous oil (0.064g, 81%); 
[a]D24  = -40.60 (c=0.98, CH202), (lit. 12 [aID = +62.90 (c= 2.10, CH202) 
for (4R) enantiomer); 1H NMR (200 MHz, CDC13) 8 7.35-7.30 (5H, m, Ph), 
5.37 (1H, br s, CH=C), 5.13 (2H, s, OCH2Ph), 2.54 (1H, m, CH-C=O), 2.27-
2.26 (2H, br m, CH2), 1.64 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, 
CDC13) 8  175.69 (C=O), 136.12 (Ar quat C), 133.58 (quat C), 128.38 (Ar 
CH), 127.94 (Ar CH), 127.82 (Ar CH), 119.04 (CH=), 65.89 (CH2), 39.12 
(CH), 29.09 (CH2), 27.52 (CR2), 25.32 (CH2), 23.32 (CH3) ppm 
Further elution with hexane:ether (3:1) (500 ml) yielded benzyl 
alcohol. Finally, elution with pure ether (500 ml) gave an off-white solid 
which was shown by 1H NMR to consist of a mixture of (5R) and (5S)-4-
aza-7 ,8:9, 10-di-O-isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one 
(0.095g, 91% recovery). 
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2.3.2 Asymmetric 1,4-Conjugate Addition Reaction 
This reaction was conducted according to the procedure reported by 
Kunz et a1 74 . 
To a solution of (5R)-N-((E)-cinnamoyl)-4-aza-7,8:9,10-di-0-
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (162) (0.200g, 0.464 
mmol) in dry methylene chloride (40 ml), at -78 0C , under argon, was 
added via syringe, diethylaluminium chloride (1.1 ml of 1.8M solution, 
1.86 minol, 4 eq). At this stage the solution was observed to turn 
yellow/orange in colour. The reaction mixture was stirred at -78 °C for 30 
minutes, after which time the reaction mixture had faded to a pale yellow 
colour, and t.l.c. showed that the reaction was complete. 
The reaction was quenched with saturated ammonium chloride 
solution (10 ml) and, after warming to room temperature, the solution was 
poured onto a 1:1 mixture of methylene chloride/water and separated. The 
aqueous layer was extracted with methylene chloride (3 x 20 ml). The 
combined organic extracts were washed with water (10 ml), dried 
(MgSO4) and evaporated to yield the crude product as a viscous oil which 
crystallised on standing (0.20g. 95%). The 200 MHz 1H NMR of this crude 
product indicated that the two product diastereomers were present in the 
ratio of 93:7 (diastereomeric excess = 86%). The major diastereomer was 
tentatively assigned as (5R) -N-((3 'R)-phenylpentanoyl)-4-aza- 7,8:9, 10-di- 
O-isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (173); 'H NMR (200 
MHz, CDC13) 8 7.29-7.09 (511, m, Ph), 5.27 (1H, d, J=2.6 Hz, C-7H), 4.79 
(111, d, J=5.4 Hz, C-9H), 4.45 (1H, d, J=10.4 Hz, C- 1H), 4.22 (1H, d, J=9.9 
Hz, C-1H), 4.19 (1H, d, J=5.2 Hz, 111, C-10H), 3.92 (1H, dd, J=2.6, 0.6 Hz, 
C-8H), 3.34 (111, d, J=9.2 Hz, CHH-C=O), 3.17 (1H, d, J=8.1 Hz, CHff- 
C=O), 3.10-3.02 (111, m, PhCjjEt), 1.75-1.51 (2H, m, Cfl2CH3),  1.37 (3H, 
s, CH3), 1.32 (3H,s CH3), 1.28 (311, s, CH3), 1.22 (3H, s, CH3), 0.76 (3H, t, 
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J=7.3 Hz, CH2Cff3);  13C NMR (50.3 MHz, CDC13) 5 171.18 (C=O), 
152.80 (C=O), 143.27 (quat C), 128.14 (Ar CH), 127.57 (Ar CH), 126.28 (Ar 
CH), 111.55 (quat C), 108.51 (quat C), 94.09 (CH), 88.76 (quat C), 78.85 
(CH), 76.07 (CH), 73.33 (CH), 68.90 (CH2), 42.77 (CH2, CH), 29.36 (CH2), 
27.26 (CH3), 26.94 (CH3), 25.72 (CH3), 25.72 (CR3), 25.46 (CH3) 11.73 
(CH3) ppm; Accurate mass (FAB) Found: 461.120493; C24H31N08 
(M+H) requires: 461.120495. 
2.3.3 Asymmetric Nitrile oxide Cycloaddition Reaction 
To 	a 	solution 	of 	(5R)-N-(acryloyl)-4-aza-7,8:9,10-di-0- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (160) (0.200g, 0.563 
minol) and benzohydroximoyl chloride (0.088g, 0.563 mmol) in dry 
methylene chloride (30 ml), at 0 OC, under argon, was added a solution of 
triethylamine (0.063g, 0.620 mmol) in methylene chloride (20 ml) over 16 
hours using a syringe pump. 
After addition was complete, the reaction mixture was poured into a 
separating funnel and washed with water (10 ml). The organic layer was 
dried (MgSO4) and then evaporated to yield the crude isoxazoline product 
(178) as a gum (0.261g, 98%). Analysis of this crude product by 200 MHz 
'H NMR specroscopy indicated that the two product diastereoisomers 
were present in the ratio of 64:36 (dliastereomeric excess = 28%); (these 
ratios were determined by integrating the signals at 5.20-6.20 ppm) 
The crude product was subjected to flash column chromatography 
using hexane:ether (2:1) as the elution solvent to afford (5R)-N-(3'-phenyl-
5'-carbonyl-2 '-isoxazoline)-4-aza-7,8:9, 1O-di-O-isopropylidene -2 , 6-dioxa-5-
spiro[4,5]decan-3-one as a colourless solid (0.083g, 32%); 1H NMR (200 
MHz, CDC13) 5 7.68-7.60 (2H, m, ortho-Ph), 7.59-7.31 (3H, m, meta+para 
Ph), 6.10 (1H, dd, J=11.5, 6.0 Hz, CH-C=O), 5.36 (1H, d, J=2.7 Hz, C-7H), 
4.92 (1H, d, J=5.4 Hz, C-9H), 4.63 (1H, d, J=10.6 Hz, Cl-H), 4.63 (1H, d, 
J=5.4 Hz, C-10H), 4.38 (1H, d, J=10.6 Hz, C-1H), 3.97 (1H, dd, 2.7, 0.4 Hz, 
C-8H), 3.77 (1H, dd, J=17.3, 11.5 Hz, CHH), 3.53 (1H, dd, J=17.3, 6.0 Hz, 
CHff), 1.40 (3H, s, CH3), 1.33 (3H, s, CH3), 1.29 (3H, s, CH3), 1.17 (3H, s, 
CH3) ppm; Accurate mass (FAB) Found: 475.17161; C23H27N209 
(M+H) requires: 475.17163. 
2.3.4 Asymmetric Aldol Reaction 
To a solution of diisopropylamine (0.156g, 1.54 mmol) in dry THF (2 
ml), at 0 °C, under argon, was added n-butyl lithium (0.96 ml of 1.6M 
solution, 1.54 mmol). After 15 minutes, the solution was cooled to -78 O 
and (5R)-N-(propionyl)-4-aza-7,8:9, l0-di-O-isopropylidene-2,6-dioxa-5-
spiro[4,5]decan-3-one (183) (0.50g, 1.40 mmol) in T}{F (10 ml) was added 
dropwise via syringe. The reaction mixture was stirred at -78 °C for 30 
minutes and then to the resulting lithium enolate solution was added, 
rapidly, a solution of freshly distilled benzaldehyde (0.163g, 1.54 mmol) in 
THF (5 ml). 
The reaction mixture was quenched after 2 minutes with saturated 
ammonium chloride solution (10 ml) and allowed to warm up to room 
temperature. THF was removed in vacuo and then the mixture was 
extracted with ether (3 x 20 ml). The combined ether layers were washed 
with water (10 ml), dried (MgSO4) and evaporated to yield the crude aldol 
product as an oil which solidified on standing (0.649g, 99%). 
Examination of the 360 MHz 1H NMR of this product indicated 
that two erythro diastereomers (J=5.2 Hz) and one threo diastereomer 
(J=8.6 Hz) had formed in the ratio of 89:6:5 respectively (diastereomeric 
excess = 78%) (these ratios were determined by integration of the doublets 
in the range 4.80-5.10 ppm, arising from the PhCUOH protons; the 
erythro / threo assignments were made on the basis of the vicinal coupling 
constants, which are given). Recrystallisation of the crude product from 
ethanol increased this value to > 95% (67% recovery). The major 
dliastereomer was identified as (5R)-N-((2'S, 3'S)-3'-hydroxy-2'-methyl-3'-
phenylpropionyl)-4-aza-7. 8:9,1 0-di- O-isopropylidene-2 , 6-dioxa-5-spiro- 
[4,5]decan-3-one (184); Mp = 222-223 °C (from ethanol); 'H NMR (200 
MHz, CDC13) 6 7.36-7.19 (5H, m, Ph), 5.28 (1H, d, J=2.5 Hz, C-7H), 4.98 
(1H, dd, J=5.1, 3.1 Hz, PhCffOH), 4.87 (1H, d, J=5.2 Hz, C-9H), 4.33 (1H, 
d, J=10.5 Hz, C-1H), 4.20 (1H, d, J=10.5 Hz, C-1H), 4.08 (1H, d, J=5.2 Hz, 
C-10H), 4.12-3.99 (1H, m, CjCH3), 3.93 (1H, d, J=2.5 Hz, C-8H), 2.90 
(1H, d, J=3.3 Hz, OH), 1.39 (3H, s, CH3), 1.35 (3H, s, CH3), 1.27 (6H, s, 
2CH3), 1.27 (3H, s, CH3), 1.15 (3H, d, J=6.9 Hz, Cfl3CH); 13C NMR 
(50.3 MHz, CDC13) 6 175.44 (C=O), 152.53 (C=O), 141.36 (quat C), 128.06 
(Ar CH), 127.52 (Ar CH), 126.14 (Ar CH), 111.52 (quat C), 108.47 (quat 
C), 94.04 (CH), 88.68 (quat C), 78.99 (CH), 75.89 (CH), 74.14 (CH), 73.33 
(CH), 69.05 (CH2), 45.33 (CH), 27. 35 (CH3), 26.95 (CH3), 25.66 (CH3), 
25.45 (CH3), 10.97 (CH3) ppm; IR (nujol) Dm a. 3570 (OH), 1780 
(oxazolidinone C=O), 1715 (C=O) cm -1 ; MS (ei) m/z 43 (77%), 56 (43), 59 
(60), 100 (base), 107 (52), 113 (51), 129 (38), 244 (34), no M; Accurate 
mass (FAB), Found: 464.19201; C23H30N09 (M+H) requires: 464.19203; 
Elemental Analysis, Found: 59.3% C, 6.28% H, 3.09% N; C23H29N09 
requires: 59.6% C, 6.26% H, 3.02% N; see appendix B, structure 4 for X-
Ray crystal structure. 
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2.3.4.1 	Reductive Cleavage of (5R)-N-((2'S, 3'S)-3'-hydroxy-2'- 
methyl-3'-phenylpropionyl)-4-aza-7,8:9, 10-di-0-
isopropylidene-2,6-dioxa -5-spiro-f4, 5jdecan-3-one (184) 
(Using L1BH4 / H20) 
This reaction was conducted according to the method developed by 
Penning and co-workers 14 . 
To an ice-cooled solution of (5R)-N-((2'S, 3'S)-3'-hydroxy-2'-methyl-
3'-phenylpropionyl)-4-aza-7 ,8: 9, 10-di-O-isopropylidene-2,6-dioxa-5-spiro-
[4,5]decan-3-one (184) (0.70g, 1.51 mmol) in dry THF (20 ml), under 
argon, was added water (30 p.1, 1.66 mmol, 1.1 eq) and solid sodium 
borohydride (0.036g, 1.66 mmol). The reaction mixture was stirred at 0 0C 
for 1.5 hours, after which time t.l.c. showed reaction to be complete. 
The reaction was quenched by dropwise addition of water (10 ml), 
followed by stirring until the solution turned clear (15 minutes). After 
removing THF in vacuo, the solution was poured onto a 1:1 ether/water 
mixture and separated. The aqueous layer was extracted with ether (3 x 
20 ml). The combined ether extracts were washed with water (10 ml), 
dried and evaporated to yield a clear, viscous oil. This was subjected to 
flash column chromatography (50g silica) using hexane:ether (1:1) as the 
elution solvent. The first fraction to be eluted was (iS, 2R)-1-phenyl-2-
methylpropane-1,3-diol (185) as a viscous oil which later solidified. This 
was recrystallised from a hexane/ether mixture to yield colourless crystals 
(flakes) (0.195g, 78%); Mp = 72-74 O,  (lit.22 = 75-76 °C); [a]D 25  = -62.50 
(c=0.48, CH03), (lit. 22 [a]D = +57.80 (c=0.45, CHC13) for 1R, 2S isomer); 
1H NMR (200 MHz, CDC13) 5 7.37-7.24 (5H, m, Ph), 4.88 (1H, d, J=3.9 
Hz, PhCHOH), 3.60 (2H, d, J=5.6 Hz, Cff20H),  3.40 (1H, br s, OH), 2.90 
(1H, br s, OH), 2.05-1.98 (1R, symm m, Cff-CH3), 0.80 (3H, d, J=7.0 Hz, 
CH3) ppm; 13C NMR (50.3 MHz, CDC13) 8 142.52 (Ar quat), 127.94 
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(ArCH), 126.99 (Ar CH), 125.97 (ArCH), 76.14 (CH), 65.98 (CH2), 41.21 
(CH), 10.54 (CH3) ppm; MS (ei) mlz 42 (29%), 79 (49), 105 (47), 107 (100), 
148 (14), 166 (4, Mt); Accurate mass (ei), Found: 166.09937 (89%), 
C10H1402 (M) requires: 166.09937. 
The second fraction to be eluted was a colourless solid. This was 
shown by 200 MHz 'H NMR to consist of a mixture of (5S)-4-aza-7,8:9,10-
di-0-isopropylidene-2, 6-dioxa -5 -spiro[4, 5]decan-3 -one (156) and its C-5 
epimer (171) (0.41g, 90% recovery). 
2.3.5 Asymmetric Acylation Reactions 
2.3.5.1 	With Acetyl Chloride 
To diisopropylamine (0.093g, 0.924 mmol) in dry THF (2 nil), at 0 
OC, under argon, was added n-butyl lithium (0.58 ml of 1.6M solution, 
0.924 mmol). After 15 minutes, the solution was cooled to -78 0C and (5R)-
N-(propionyl)-4-aza-7,8:9, 10-di-0-isopropylidene-2,6-dioxa-5- 
spiro[4,5]decan-3-one (183) (0.300g, 0.840 mmol) in THF (10 ml) was 
added dropwise via syringe. The reaction mixture was stirred at -78 °C for 
30 minutes and then to the resulting lithium enolate solution was added a 
solution of freshly distilled acetyl chloride (0.132g, 1.68 mniol, 2 eq) in 
ThF (3 ml). 
The reaction mixture was quenched after 2 minutes with saturated 
ammonium chloride solution (10 ml) and the reaction mixture was allowed 
to warm up to room temperature. THF was removed in vacuo and then the 
mixture was extracted with ether (3 x 20 ml). The combined ether layers 
were washed with water (10 ml), dried (MgSO 4) and evaporated to yield 
(5R)-N-((Z)-propenyl acetyl)-4-aza- 7,8:9, 1O-di-O -isopropylidene-2, 6-dioxa- 
5-spiro[4,5]decan-3 -one (189) as a colourless solid (0.290g, 87%). This was 
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recrystallised from ethanol to yield colourless crystals; Mp = 169-170 0C 
(from ethanol); [a]D26 = +9.35 0 (c=2.00, CH202); 'H NMR (200 MHz, 
CDC13) 8 5.64 (1H, q, J=7.1 Hz,CH3Cff=), 5.38 (111, d, J=2.8 Hz, C-7H), 
4.67 (1H, d, J=6.3 Hz, C-9H), 4.60 (1H, d, J=6.4 Hz, C-10H), 4.47 (1H, d, 
J=9.8 Hz, C-1H), 4.32 (1H, d, J=9.8 Hz, C-1H), 4.15 (1H, dd, J=2.8, 0.7 Hz, 
C-8H), 2.15 (3H, s, CH3-C=O), 1.61 (3H, d, J=7.1 Hz, Cff3CH=), 1.50 (3H, 
s, CH3), 1.47 (3H, s, CH3), 1.36 (611, s, 2CH3); 13C NMR (50.3 MHz, 
CDC13) 8 167.26 (C=O), 154.61 (C=O), 1.33.40 (quat C), 117.22 (CH-O, 
111.10 (quat C), 109.17 (quat C), 94.46 (CH), 90.92 (quat C), 75.99 (CH), 
74.64 (CH), 69.91 (CH), 66.62 (CH2), 27.07 (CH3), 25.94 (CH3), 25.58 
(CH3), 24.91 (CH3), 20.43 (CH3), 11.35 (CH3) ppm; IR (nujol) Dmax  1785 
(oxazolidinone C=O), 1760 (C=O), 1690 (C=C), 1190, 1060 cm -1 ; Accurate 
mass (FAB) Found: 400.16073; C18H26N09 (M+H) requires: 400.16073; 
Elemental analysis Found: 54.3% C, 6.39% H, 3.49%N; C18H25N09 
requires: 54.1% C, 6.27% H, 3.51% N; see appendix B, structure 5 for X-
ray crystal structure. 
2.3.5.2 	With Propionyl Chloride 
(5R)-N-(propionyl)-4-aza-7 ,8: 9, 10-di-O-isopropylidene-2-oxa-5- 
spiro[4,5]decan3-one (183) (0.300g, 0.840 mmol) was acylated with freshly 
distilled propionyl chloride (0.155g, 1.68 mmol, 2 eq) according to the 
procedure given in section 2.3.5.1 above. This gave (5R)-N-((Z)-propeny1 
propionyl)-4-aza- 7,8:9, 10-di-0-isopropylidene-2 , 6-dioxa-5-spiro[4,5]decan- 
3-one as a colourless solid (0.31g, 89%), which was recrystallised from 
ethanol to afford colourless crystals (0.264g, 76%); Mp = 147-148 °C (from 
ethanol); [a]D26 = +6.60 (c=2.0, CH202); 1H NMR (200 MHz, CDC13) ö 
5.61 (111, q, J=7.1 Hz, CH3C=), 5.38 (1H, d, J=2.8 Hz, C-7H), 4.66 (1H, 
d, J=6.3 Hz, C-9H), 4.58 (1H, d, J=9.9 Hz, C-1H), 4.45 (1H, d, J=9.8 Hz, C- 
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1H), 4.30 (1H, d, J=9.9 Hz, C-1H), 4.13 (1H, dd, J=2.8, 0.6 Hz, C-8H), 2.43 
(2H, q, J=7.6 Hz, CH2CH3), 1.58 (3H, d, J=7.1 Hz, CE.CH=), 1.48 (3H, s, 
CH3), 1.45 (3H, s, CR3), 1.35 (6H, s, 2CH3), 1.15 (3H, t, J=7.5 Hz, 
Cli3CH2) ppm; 13C NMR (50.3 MHz, CDC13) ö 170.75 (C=O), 154.57 
(C=O), 133.49 (quat C), 116.91 (CH), 111.09 (quat C), 109.14 (quat C), 
94.50 (CH), 90.84 (quat C), 76.15 (CH), 74.69 (CH), 70.06 (CH), 66.74 
(CH2), 27.15 (CH3), 27.03 (CH2), 25.97 (CH3), 25.59 (CH3), 24.92 (CH3), 
11.32 (CH3), 8.71 (CR3) ppm; JR (nujol) umax  1790 (oxazolidinone C=O), 
1755 (C=O), 1690 (C=C), 1075 cm'; Accurate mass (FAB), Found: 
414.17638; C 19H28N09 (M+H) requires: 414.17639; Elemental 
analysis, Found: 55.2% C, 6.68% H, 3.34% N; C19H27N09 requires: 
55.2% C, 6.54% H, 3.39% N. 
2.3.5.3 	With Pivaloyl Chloride 
(5R)-N-(propionyl)-4-aza-7 ,8:9, 10-di-O-isopropylidene-2-oxa-5-
spiro[4,5]decan3-one (183) (0.200g, 0.560 mmol) was acylated with freshly 
distilled pivaloyl chloride (0.135g, 1.12 mmol, 2 eq) according to the 
procedure given in section 2.3.5.1 above. This gave (5R)-N-((Z)-propeny1 
tn met hylcetyl) -4-aza-7,8:9, 1O-di-O-isopropylidene-2, 6-dioxa-5-
spiro[4,5]decan3-one as a colourless solid (0.22g, 88%), which was 
recrystallised from ethanol to afford colourless crystals (0.19g, 76%); 
[a]D23  = +7.20 (c=1.9, CH202); 'H NMR (200 MHz, CDC13) 8 5.61 (1H, q, 
J=7.1 Hz, CH3Cff=),  5.39 (1H, d, J=2.7 Hz, C-7H), 4.66 (1H, d, J=6.2 Hz, 
C-9H), 4.58 (1H, d, J=6.2 Hz, C-10H), 4.46 (1H, d, J=9.8 Hz, C-1H), 4.29 
(1H, d, J=9.9 Hz, C-1H), 4.13 (1H, d, J=2.5 Hz, C-8H), 1.57 (1H, d, J=7.1 
Hz, Cfl3CH=), 1.49 (3H, s, CH3), 1.45 (3H, s, CH3), 1.36 (3H, s, CH3), 
1.35 (3H, s, CH3), 1.24 (6H, s, 2CH3), 1.24 (3H, s, CH3) ppm; 13C NMR 
(50.3 MHz, CDC13) 8 174.68 (C=O), 154.50 (C=O), 133.72 (quat C), 116.95 
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(CH), 111.15 (quat C), 109.10 (quat C), 94.61 (CH), 90.70 (quat C), 76.39 
(CH), 74.80 (CH), 70.32 (CH), 66.94 (CH2), 38.89 (quat C), 27.34 (CH3), 
26.79 (3CH3), 26.05 (CH3), 25.67 (CH3), 24.96 (CH3), 11.22 (CH3) ppm; 
Accurate mass (FAB) Found: 441.95726, C21H32N09 (M+H) 441.95728. 
2.3.5.4 With Methylcyano Formate (Manders Reagent) 
To diisopropylamine (0.065g, 0.616 mmol) in dry THF (2 ml), at 0 
°C, under argon, was added n-butyl lithium (0.32 ml of 1.6M solution, 
0.616 mmol). After 15 minutes, the solution was cooled to -78 °C and (5R)-
N-(propionyl)-4-aza-7 ,8 :9, 10-di-O-isopropylidene-2 ,6-dioxa-5- 
spiro[4,5]decan-3-one (183) (0.200g, 0.560 mmol) in THF (10 ml) was 
added dropwise via syringe. The reaction mixture was stirred at -78 °C for 
30 minutes and then to the resulting lithium enolate solution was added a 
solution of freshly distilled methylcyano formate (0.071g, 0.84 mmol) in 
THF (3 ml). 
The reaction mixture was quenched after 2 minutes with saturated 
ammonium chloride solution (10 ml) and allowed to warm up to room 
temperature. THF was removed in vacuo and then the mixture was 
extracted with ether (3 x 20 ml). The combined ether layers were washed 
with water (10 ml), dried (MgSO4) and evaporated to yield (5R)-N-((2'R)- 
3 '-keto-2 '-met hyl-3 '-met hoxy 	 propionyl)-4-aza- 7,8:9,10-di-O- 
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (197) as an oil which 
crystallised on standing (0.199g, 86%). The 200 MHz 1H NMR of this 
product revealed the presence of a single diastereomer (diastereomeric 
excess > 95%); 'H NMR (200 MHz, CDC13) 8 5.34 (1H, d, J=2.6 Hz, C- 
7H), 4.97 (1H, d, J=5.3 Hz, C-9H), 4.62 (1H, d, J=5.3 Hz, C-10H), 4.59 
(1H, d, J=10.4 Hz, C-1H), 4.51 (1H, q, J=7.2 Hz, CflCH3), 4.30 (1H, d, 
J=10.5 Hz, C-1H), 3.99 (1H, dd, J=2.4, 0.4 Hz C-8H), 3.70 (3H, s, CH30), 
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1.42-1.35 (15H, m, 5CH3) ppm; 13C NMR (50.3 MHz, CDC13) 8 170.96 
(C=O), 168.92 ((C=O), 152.93 (C=O), 111.55, 108.73, 94.23, 88.89, 78.95, 
75.99, 73.50, 69.64, 52.44, 46.18, 29.53, 27.43, 27.05, 25.68, 25.58, 12.92 
ppm; Accurate mass (FAB), Found: 416.15563; C18H26NO10 (M+H) 
requires: 416.15564. 
2.3.6 Attempted Asymmetric Alkylation Reaction 
To diisopropylamine (0.065g, 0.616 mmol) in dry THF (2 ml), at 0 
0C, under argon, was added n-butyl lithium (0.32 ml of 1.6M solution, 
0.616 mmol). After 15 minutes, the solution was cooled to -78 °C and (5R)-
N-(propionyl)-4-aza-7 ,8:9, 10-di-O-isopropylidene-2,6-dioxa-5- 
spiro[4,5]decan-3-one (183) (0.200g, 0.560 mmol) in THF (10 ml) was 
added dropwise via syringe. The reaction mixture was stirred at -78 °C for 
30 minutes and then to the resulting lithium enolate solution was added a 
solution of freshly distilled benzyl bromide (3 eq) (neat). After stirring at - 
78 OC for 15 minutes, the reaction mixture was warmed to -10 O( 
(KCO3/ice bath) and stirred at this temperature for 3 hours. T.1.c at this 
stage indicated that no product had formed. The reaction mixture was, 
therefore, left to stir at -10 OC overnight (16 hours). 
The reaction mixture was quenched with saturated ammonium 
chloride solution (10 ml) and allowed to warm up to room temperature. 
THF was removed in vacuo and then the mixture was extracted with 
ether (3 x 20 ml). The combined ether layers were washed with water (10 
ml), dried (MgSO4) and evaporated to yield a colourless gum. Excess 
benzyl bromide was removed by flash column chromatography (50g silica) 
using hexane:ether (1:1) as elution solvent. This afforded a colourless 
solid which was identified by 601Hz 1H NMR as (5R)-4-aza-7,8:9,10-di-0-
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (156) (0.156g, 93%). 
2.3.7 Asymmetric a-Bromination Reaction (with NBS) 
To a solution of diisopropylamine (0.062g, 0.616 mmol) in dry TifF 
(2 ml), at 0 OC, under argon, was added n-butyl lithium (0.39 ml of 1.6M 
solution, 0.616 mmol). After 15 minutes, the solution was cooled to -78 O 
and (5R)-N-(propionyl)-4-aza-7 ,8 :9, 10-cli-O-isopropylidene-2,6-dioxa-5-
spiro[4,5]decan-3-one (183) (0.200g, 0.560 mmol) in THF (5 ml) was added 
dropwise via syringe. The reaction mixture was stirred at -78 °C for 20 
minutes and then to the resulting lithium enolate solution was added a 
solution of N-bromosuccinamide (0.200g, 1.12 mmol, 2 eq) in THF (5 ml). 
The reaction mixture was quenched after 10 minutes with 
saturated ammonium chloride solution (10 ml) and allowed to warm up to 
room temperature. THF was removed in vacuo and then the mixture was 
extracted with ether (3 x 20 ml). The combined ether layers were washed 
with water (10 ml), dried (MgSO4) and evaporated to yield the crude 
product as a yellow gum (0.311g). The 200 MHz 1H NMR of this crude 
product revealed that two diastereomers had formed in the ratio of 85:15 
(diastereomeric excess = 70%); (this ratio was obtained by integrating the 
overlapping quartets at 5.50-6.60 ppm). This product was recrystallised 
from hexane to afford (5R)-N-((2 'R)-bromopropionyl)-4-aza-7,8:9, 1O-di-O-
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (204) as colourless 
crystals (0.191g, 78%); Mp = 131-133 °C (from hexane); [a]D24 = +490 
(c=1.05, CHC13); 'H NMR (200 MHz, CDC13) 8 5.72 (1H, q, J=6.7 Hz, 
BrCffCH3), 5.35 (1H, d, J=2.5 Hz, C-7H), 4.91 (111, d, J=5.3 Hz, C-9H), 
4.56 (1H, d, J=10.5 Hz, C-1H), 4.49 (1H, d, J=5.3 Hz, C-10H), 4.31 (1H, d, 
J=10.5 Hz, C-1H), 4.00 (1H, d, J=2.6 Hz, C-8H), 1.77 (3H, d, J=6.7 Hz, 
BrCHCfi3), 1.41 (6H, s, 2CH3), 1.36 (3H, s, CH3), 1.35 (3H, s, CH3) ppm; 
13C NMR (50.3 MHz, CDC13) ö 169.23 (C=O), 151.97 (C=O), 111.56 (quat 
C), 108.82 (quat C), 94.22 (CH), 89.08 (quat C), 78.83 (CH), 76.09 (CH), 
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73.00 (CH), 69.20 (CH2), 39.09 (CH), 27.43 (CH3), 26.96 (CH3), 25.67 
(CH3), 25.52 (CH3), 20.12 (CH3) ppm; IR (nujol) lm 	1790 
(oxazolidinone C=O), 1720 (C=O) cm -1 ; Accurate mass (FAB), Found: 
436.06072; C16H23 79BrNO8 (M+H) requires: 436.06074. 
2.3.7.1 	Oxidative Cleavage of (5R)-N-((2'R)-Bromopropionyl)-4- 
aza-7,8:9, 10-di-0-isopropylidene-2, 6-dioxa-5-
spiro[4,5]decan-3-one (204) (Using LIOOH) 
This reaction was conducted according to the method reported by 
Evans 13 . 
To an ice cooled solution of (5R)-N-((2'R)-bromopropionyl)-4-aza-
7,8:9, 10-di-O-isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (204) 
(0.188g, 0.431 mmol) in a THF:water (3:1) mixture (lOmi), was added 30% 
hydrogen peroxide solution (0.25 ml) via syringe, followed by solid lithium 
hydroxide-monohydrate (0.036g, 0.88 mmol). The resulting mixture was 
stirred at 0-10 °C for 2 hours, after which time t.l.c. showed the reaction 
to be complete. 
Excess peroxide was quenched with 1.5M aqueous sodium sulphite 
(5 ml) and the resulting solution was made alkaline (pH 9) with aqueous 
sodium hydrogencarbonate solution. THF was evaporated in vacuo and 
then the residue was extracted with methylene chloride (3 x 20 ml). 
Evaporation of the extract afforded a colourless foam which was found by 
1H NMR to consist of a mixture of (5R) and (5S)-4-aza-7,8:9,10-di-0-
isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (0.079g, 61% recovery). 
The aqueous layer was acidified (pH 3) by dropwise addition of 
concentrated hydrochloric acid, and then extracted with ethyl acetate (3 x 
30 ml) to yield (2R)-bromopropionic acid (205) (0.047g, 80%); Ea]D22 = 
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+28.2.° (c=1.01, CH202), (lit. 107 [a]D = -27.60 (MeOH), for (2S)-
enantiomer). 
2.3.8 Resolution of Racemic Mixtures 
2.3.8.1 	Resolution of Racemic (±)-2-Bromopropionyl Bromide 
To a solution of (5R)-4-aza-7,8:9,10-di-0-isopropylidene-2,6-dioxa-5-
spiro[4,5]decan-3-one (156) (2.00g, 6.64 mmol) in dry THF (50 ml), at -78 
°C, under argon, was added n-butyl lithium (4.57 ml of 1.6M solution, 7.31 
mmol) via syringe. After stirring for 30 minutes, a solution of freshly 
distilled (±)-2-bromopropionyl bromide (2.87g, 13.3 mmol, 2 eq) chloride in 
THF (20 ml) was next added dropwise via syringe. The reaction mixture 
was warmed to room temperature and stirred at this temperature for 30 
minutes, after which time t.l.c. showed the reaction to be complete. 
Excess acid chloride was hydrolysed by addition of aqueous 1M 
sodium carbonate solution (10 ml), followed by vigorous stirring for 15 
minutes. THF was removed in vacuo and then the mixture was extracted 
with ether (3 x 50 ml). The combined ether extracts were washed with 
water (20 ml), dried (MgSO4) and evaporated to give a mixture of the 
cliastereomeric bromo-imides as a brown gum. 
HPLC analysis of this gum furnished a separability factor, a, of 2.8 
(spherisorb 5 gm silica column, elution solvent = hexane:ether (5:1), now 
rate = 2.0 ml/min). 
The remainder of the crude product was subjected to flash column 
chromatography using hexane:ether (3:1) elution. The first fraction to be 
eluted was an off-white solid. This was recrystallised from hexane to 
afford (5R)-N-((2 'R)-bromopropionyl) -4-aza- 7,8:9, 1O-di-O-isopropylidene-
2, 6-dioxa-5-spiro[4,5]decan-3-one (211a) as colourless crystals (1.11g, 
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39%); Mp = 131-132 °C (from hexane; [a]D22 = +50 0 (c1.0, CHC13); 'H 
NMR (200 MHz, CDC13) 8 5.71 (1H, q, J=6.7 Hz, BrCffCH3), 5.35 (1H, d, 
J=2.5 Hz, C-7H), 4.93 (1H, d, J=5.3 Hz, C-9H), 4.57 (1H, d, J=10.5 Hz, C-
1H), 4.49 (1H, d, J=5.3 Hz, C-10H), 4.32 (1H, d, J=10.5 Hz, C-1H), 3.99 
(1H, d, J=2.6 Hz, C-8H), 1.77 (3H, d, J=6.7 Hz, BrCHCff3), 1.40 (6H, s, 
2CH3), 1.36 (3H, s, CR3), 134 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, 
CDC13) ö 169.22 (C=O), 151.98 (C=O), 111.56 (quat C), 108.82 (quat C), 
94.19 (CH), 89.08 (quat C), 78.82 (CH), 76.09 (CH), 72.99 (CH), 69.20 
(CH2), 39.09 (CH), 27.43 (CH3), 26.96 (CH3), 25.67 (CH3), 25.52 (CH3), 
20.12 (CH3) ppm; IR (nujol) Umax 1790 (oxazolidinone C=O), 1720 (C=O) 
cm-1 ; Accurate mass (FAB), Found: 436.06072; C16H23 79BrNO8 (M+H) 
requires: 436.06074. 
The second fraction to be eluted was an off-white 'sticky' solid. This 
was recrystallised from ethanol to afford (5R)-N-((2'S)-bromopropionyl)-4-
aza- 7,8:9,1 O-di-O- i sop ropylidene-2 , 6-dioxa-5-spiro[4,5]decan-3-one (211b) 
as colourless crystals (1.07g, 37%); Mp = 120-121 °C (from ethanol); 
[a]D24  = -16.50 (c=1.00, CHC13); 1H NMR (200 MHz, CDC13) ö 5.61 (1H, 
q, J=6.7 Hz, BrCffCH3), 5.33 (1H, d, J=2.3 Hz, C-7H), 4.97 (1H, d, J=5.3 
Hz, C-9H), 4.60 (1H, d, J=5.3 Hz, C-10H), 4.57 (1H, d, J=10.5 Hz, C-1H), 
4.32 (1H, d, J=10.5 Hz, C-1H), 3.96 (1H, d, J=2.4 Hz, C-8H), 1.77 (3H, d, 
J=6.7 Hz, BrCHCfl3), 1.44 (3H, s, CR3), 1.38 (3H, s, CH3), 1.34 (3H, s, 
CH3), 1.31 (3H, s, CR3) ppm; 13C NMR (50.3 MHz, CDC13) 8  168.76 
(C=O), 151.91 (C=O), 111.64 (quat C), 108.73 (quat C), 94.20 (CH), 89.04 
(quat C), 78.75 (CH), 75.67 (CH), 73.53 (CH), 69.46 (CR2), 38.68 (CH), 
27.52 (CR3), 26.90 (CR3), 25.63 (CR3), 25.47 (CH3), 20.17 (CH3) ppm; IR 
(nujol) 0max  1790 (oxazolidinone C=O), 1730 (C=O) cm -1 ; Accurate mass 
(FAB) Found: 436.06072; C16H23 79BrNO8 (M+H) requires: 436.06074; 
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Elemental analysis, Found: 44.1% C, 5.25% H, 3.07% N, C16H22BrNO8 
requires: 44.0% C, 5.05% H, 3.21% N. 
2.3.8.2 	Cleavage of (5R)-N-((2'R)-Bromopropionyl)-4-aza-7,8:9, 10- 
di-0-isopropylidene-2, 6-dioxa -5-spirof4, 5Jdecan-3-one 
(211a) 
To a solution of benzyl alcohol (0.100g, 0.917 mmol, 2 eq) in dry 
THF (3 nil), at -78 °C, under argon, was added n-butyl lithium (0.34m1 of 
1.6M solution, 0.550 mmol). After stirring for 15 minutes, (5R)-N-(2'R-
bromopropionyl)-4-aza-7,8 :9, 10-di-O-isopropylidene-2,6-dioxa-5- 
spiro[4,5]decan-3-one (211a) (0.200g, 0.459 mmol) in THF (5ml) was 
added dropwise via syringe. The solution was stirred at -78 0C for 10 
minutes, then warmed to 0 0C temperature and stirred at this 
temperature for 15 minutes, after which time t.l.c. indicated that the 
reaction was complete. 
The reaction was quenched with saturated ammonium chloride 
solution (10 ml), and then THF was removed in vacuo. The mixture was 
then poured onto a 1:1 ether/water mixture and separated. The aqueous 
layer was extracted with ether (3 x 20 ml). The combined ether extracts 
were washed with water (10 ml), dried (MgSO4) and evaporated. 
The resulting residue was subjected to flash column 
chromatography (50g silica). Elution with hexane:ether (1:1) (250 ml) 
afforded benzyl (2R)-bromopropionate (212a) as a colourless, viscous oil 
(0.088g, 79%); [aID26  = +10.90 (c=1.48, CH202); 1H NMR (200 MHz, 
CDC13) ö 7.40-7.36 (5H, m, Ph), 5.21 (2H, s, OCH2Ph), 4.42 (1H, q, J=7.0 
Hz, BrCffCH3), 1.84 (3H, d, J=6.9 Hz, CH3) ppm; 13C  NMR (50.3 MHz, 
CDC13) 5  174.41 (C=O), 136.18 (Ar quat C), 128.50 (Ar CH), 128.06 (Ar 
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CH), 67.45 (CH2), 39.86 (CH), 21.51 (CH3) ppm; LR (thin ifim) Um  1740 
(C0), 1160, 730, 700 (C-Br) cm 
Further elution with hexane:ether (3:1) (500 ml) yielded benzyl 
alcohol. Finally, elution with pure ether (500 ml) gave an off-white solid 
which was shown by 1H NMR to consist of a mixture of (5R) and (5S)-4-
aza-7,8:9, 10-di-O-isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one 
(0.120g, 87% recovery). 
2.3.8.3 	Cleavage of (5R)-N-((2'S)-Bromopropionyl)-4-aza-7,8:9, 10- 
di-O-isopropylidene-2, 6-dioxa -5-spiro[4, 5]decan-3-one 
(211b) 
The cleavage reaction on (5R)-N-((2'S)-bromopropionyl)-4-aza-
7,8:9, 10-di-O-isopropylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (211b) 
(0.200g, 0.459 mmol) was conducted according to the procedure given in 
section 2.3.8.2 above. This afforded benzyl (2S)-bromopropionate (212b) as 
a colourless, viscous oil (0.082g, 74%); [a]D23  = -10.40 (c=1.54, CH202); 
the 1H NMR of this product was identical to that of the 2R enantiomer 
(211a) (see above) 
2.3.8.4 	Resolution of Racemic (±)-2-Chloropropionyl Chloride 
(±)-2-Chloropropionyl chloride was resolved according to the 
procedure given in section 2.3.8.1 above. HPLC analysis of the resulting 
diastereomeric chioro-imides (213) furnished a separability factor, x, of 
2.7 (spherisorb 5 p.m silica column, elution solvent = hexane:ether (5:1), 
flow rate = 2.0 ml/min). The individual diastereomeric chioro-imides were 
not isolated. 
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2.3.8.5 	Resolution of racemic (±)-1-Phenylethylamine 
To a solution of (5R)-4-aza-7,8 :9, 10-di-O-isopropylidene-2,6-dioxa-5-
spiro[4,5]decan-3-one (156) (0.509, 1.66 mmol) in dry THF (40m1), at -78 
°C, under argon, was added n-butyl lithium (1.14 ml, 1.83 mmol). After 30 
minutes, the resulting anion solution was cannulated dropwise (over 
approximately 15 minutes) onto a vast excess of phosgene (pre-treated 
with calcium hydride to remove traces of HC1) (20m1 of 20% solution in 
toluene). The reaction mixture was stirred at -78 OC for 5 minutes, then 
warmed to room temperature and stirred at this temperature for 1 hour. 
Excess phosgene was evaporated by warming the flask with a water 
bath whilst maintaining a strong flow of argon. Freshly distilled racemic 
(±)-1-phenylethylamine (0.402g, 3.32 mmol, 2 eq) and triethylamine 
(0.168g, 1.66 mmol, 1 eq) in THF (5 nil) was added dropwise and then the 
reaction mixture was stirred overnight (20 hours). After adding water (20 
ml), THF was removed in vacuo and then the mixture was extracted with 
ether (3 x 20ml); the combined ether extracts were washed with water (10 
ml), dried (MgSO4) and evaporated to yield the diastereomeric 
allophonates (215) as a gum (0.78g). 
HPLC analysis of this mixture gave a separability factor, a, of 1.5 
(spherisorb 5 gm silica column, elution solvent = hexane: ether (7:1), flow 
rate = 2.0 ml/min). The individual diastereomeric allophonates were not 
isolated. 
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3. Chiral Auxiliary from :x-D-Galactose (151) 
(Incorporating Cyclohexylidene groups) 
3.1 Synthesis of Auxiliary (220) 
3.1.1 Preparation of 1,2:3,4-Di-O-cyclohexylidene-D-
galactopyranose (216) 
This reaction was conducted according to the procedure reported by 
Schollkopf91 . 
A mixture consisting of cx-D-galactose (151) (50.0g, 0.278 mol), 
cyclohexanone (54.5g, 0.556 mol, 2 eq), dry 1,4-dioxane (60 ml) and 
concentrated sulphuric acid (15 ml) was stirred at room temperature for 2 
hours. 
After adding chloroform (200 ml), the resulting solution was 
neutralised by careful addition of saturated sodium hydrogencarbonate 
solution (100 ml). The two layers were separated and the aqueous layer 
was extracted with chloroform (3 x 100 ml). The combined organic extracts 
were washed with water (100 ml), dried (MgSO4) and evaporated. 
The resulting residue was purified by flash column chromatography 
using firstly hexane:ether (4:1), and then pure ether to yield 1,2:3,4-di-0-
cyclohexylidene-D-galactopyranose (216) as a yellow, viscous syrup (56.3g, 
60%); 1aID23  =-26.00 (c=1.54, CH202); 'H NMR (200 MHz, CDC13) ö 
5.53 (1H, d, J=5.0 Hz, C- 1H), 5.59 (1H, dd, J=7.9, 2.5 Hz, C-3H), 4.31 (1H, 
dd, J=5.0, 2.4 Hz, C-2H), 4.23 (1H, dd, J=7.9, 1.6 Hz, C-4H), 3.88-3.64 
(3H, m, C-5H, C-6H2), 2.43 (1H, brs, OH), 1.72-1.13 (20H, br m, 10 CH2) 
ppm; 13C NMR (50.3 MHz, CDC13) 8  109.88 (quat C), 109.09 (quat C), 
95.75 (CH), 71.12 (CH), 70.28 (CH), 70.00 (CH), 67.96 (CH), 62.27 (CH2), 
35.42 (CH2), 34.06 (CH2), 33.64 (CH2), 24.89 (CH2), 24.79 (CH2), 23.78 
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(CH2), 23.68 (CH2), 23.49 (CH2), 23.36 (CH2) ppm; IR (thin film) Om 
3485 (br, NH), 1180, 1020, 965 cm-1 ; MS (ei) mlz 41 (81%), 55 (base), 69 
(43), 81 (82), 99 (39), 340 (12, M); Accurate mass (ei), Found: 
340.18857; C18H2806 requires: 340.18856. 
3.1.2 Preparation of 1,2:3,4-Di-O-cyclohexylidene-D- 
galactopyranose-6-chloroformate (217) 
A solution of 1,2:3 ,4-cli-O-cyclohexylidene-D-galactopyranose (216) 
(30.2g, 88.7 mmol) and triethylamine (8.96g, 88.7 mmol) in dry ether (850 
ml), was added dropwise to a rapidly stirred solution of phosgene (140 ml 
Of 20% solution in toluene, 0.267mol, 3eq), at 0 O(,  under argon. After 
addition was complete, the reaction mixture was warmed to room 
temperature and stirred at this temperature for 5 hours. 
The reaction mixture was filtered, the precipitate was washed 
thoroughly with ether and the filtrate evaporated to yield 1,2:3,4-di-0-
cyclohexylidene-D-galactopyranose-6-chloroformate (217) as a viscous 
yellow syrup (31.8g, 89%). This darkened rapidly on exposure to air and 
was used immediately for the next stage without further purification; 
[a]D25  = -58.60 (c=2.10, CH202); 'H NMR (200 MHz,CDC13) ö 5.53 (1H, 
d, J=5.0 Hz, C-1H), 4.64 (1H, dd, J=7.8, 2.5 Hz, 1H, C-3H), 4.45 (2H, t, 
J=5.1 Hz, C-6H2), 4.35 (1H, dd, J=5.1, 2.4 Hz, C-2H), 4.22 (1H, dd, J=7.7, 
2.0 Hz, C-4H), 4.09 (1H, t, J=5.2 Hz, C-5H), 2.01-1.40 (20H, br m, 10 CH2) 
ppm; 13C NMR (50.3 MHz, CDC13) ö 150.63 (C=O), 128.85 (quat C), 
128.04 (quat C), 110.31 (CH), 109.40 (CH), 95.64 (CH), 70.18 (CH), 69.79 
(CH), 65.30 (CH), 35.45 (CH2), 34.03 (CH2), 33.80 (CH2), 24. 88 (CH2), 
24.79 (CH2), 23.73 (CH2), 23.66 (CH2), 23.50 (CH2), 23.34 (CH2) ppm; IR 
(thin film) umax 1780 (C=O), 1360 cm-1; MS (ei) m/z 55 (base), 81 (61%), 
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359 (60), 402 (42, M); Accurate mass (ci), Found: 402.14451; 
C19H2735007 requires: 402.14450. 
3.1.3 Preparation of 1,2:3,4-Di-O-cyclohexylidene-D-
galactopyranose-6-azidoformate (218) 
A solution of sodium azide (10.3g, 0.158 mol, 2 eq) and 
tetrabutylammonium bromide, TBAB, (0.5g) in water (500m1) was added, 
in one go, to a rapidly stirred solution of 1,2:3,4-di-O-cyclohexylidene-D-
galactopyranose6-chloroformate (217) (31.8g, 78.9 mmol) in methylene 
chloride (300 ml). 
The reaction mixture was stirred vigorously overnight (16 hours) 
and then the two layers were separated. The aqueous layer was extracted 
with methylene chloride (3 x 100 ml); the combined organic extracts were 
washed with water (100 ml), dried (MgSO4) and evaporated to yield 
1,2:3,4-di-O-cyclohexylidene-D-galactopyranose-6-azidoformate (218) as a 
yellow, viscous syrup (30.7g, 95%). This was used for the next stage 
without further purification; [a]D 25  = -63.00 (1.96, CH202); 'H NMR 
(200 MHz, CDC13) 5 5.49 (1H, d, J=5.0 Hz, C-1H), 4.60 (1H, dd, J=7.8, 2.5 
Hz, C-3H), 4.34-4.26 (3H, m, C-6H2, CH), 4.18 (1H, dd, J=7.8, 2.0 Hz, C-
4H), 4.02 (1H, td, J=6.1, 1.9 Hz, C-5H), 1.84-1.36 (20H, m, 10CH2) ppm; 
13C NMR (50.3 MHz, CDC13) 8  157.16 (C=O), 110.13 (quat C), 109.24 
(quat C), 95.63 (CH), 70.22 (CH), 69.80 (2CH), 67.02 (CH2), 65.46 (CH), 
35.40 (2CH2), 34.03 (CH2), 33.77 (CH2), 24.88 (CH2), 24.78 (CH2), 23.72 
(CH2), 23.63 (CH2), 23.49 (CH2), 23.32 (CH2) ppm; JR (thin film) 'umax  
2160 (N3), 1760 (C=O), 1730, 1450, 1360 cm -1 ; MS (ci) m/z 32 (72%), 41 
(56), 55 (base), 81 (49), 366 (44), 409 (30, M); Accurate mass (ci), 
Found: 409.18488; C19H27N307 requires: 409.18486. 
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3.1.4 Solution Thermolysis of 1,2:3,4-Di-O-cyclohexylidene-D. 
galactopyranose-6-azidoformate (218) 
A solution of 1,2:3 ,4-di-O-cyclohexylidene-D-galactopyranose-6-
azidoformate (218) (10.0g, 24.4 mmol) in dry 1,1,2,2-tetrachloroethane 
(TCE) (200m1) was added dropwise onto boiling 1,1,2,2-tetrachioroethane 
(bp = 147 °C) (1000 ml), under argon. When addition was complete, the 
reaction mixture was heated under reflux for a further 15 minutes, after 
which time t.l.c showed that all the starting material had reacted. 
After cooling to room temperature, the solution was evaporated in 
uacuo to yield a dark brown tar. This was subjected to flash column 
chromatography (500g silica). Elution with hexane:ether (2:1) gave a 
colourless foam which was identified as 1,2:3,4-di-O-cyclohexylidene-D- 
galactopyranose-6-carbamate (221) (0.93g, 10%); 'H NMR (200 MHz, 
CDC13) 8 6.91 (2H, br s, NH2), 5.52 (1H, d, J=5.0 Hz, C-1H), 4.61 (1H, dd, 
J=7.8, 2.6 Hz, C-3H), 4.36-4.22 (3H, m, C-6H2, CH), 4.19 (1H, dd, J=7.9, 
2.0 Hz, C-4H), 4.02 (1H, td, J=6.3, 1.9 Hz, C-5H), 1.84-1.34 (20H, m, 
10CH2) ppm; IR (nujol) Dmax  3300-3 100 (NH2), 1690 (C0) 
Further elution with hexane:ether (1:1) gave an off-white, 'sticky' 
solid which was recrystallised from a mixture of hexane:cyclohexane (3:1) 
to afford (5R)-4-aza- 7,8:9,10-di-O-cyclohexylidene-2, 6-dioxa-5- 
spiro[4,5]decan-3-one (220) as a colourless solid (4.47g, 48%); Mp = 139- 
140.5 °C (from hexane:cyclohexane (3:1)); [a]D24 = -60.20 (c=1.08, 
CH202); 'H NMR (200 MHz, CDC13) 6 6.33 (1H, br s, NH), 5.47 (1H, d, 
J=4.2 Hz, C-7H), 4.69 (1H, dd, J=7.2, 1.5 Hz, C-9H), 4.46 (1H, d, J=10.1 
Hz, C-1H), 4.31 (1R, d, J=7.2 Hz, C-10H), 4.24 (1H, d, J=10.0 Hz, C-1H), 
4.21 (1H, dd, J=4.2, 1.5 Hz, C-8H), 1.83-1.15 (20H, br m, 10 CH2) ppm; 
13C NMR (50.3 MHz, CDC13) 6 156.69 (C=O), 110.54 (2 quat C), 94.25 
(CH), 84.92 (quat C), 73.94 (CH2), 73.32 (CH), 71.06 (CH), 69.55 (CH), 
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35.76 (CH2), 35.38 (CH2), 33.63 (CH2), 33.43 (CH2), 24.69 (CH2), 24.63 
(CH2), 23.68 (CH2), 23.57 (CH2), 23.33 (CH2), 23.22 (CH2) ppm; JR 
(nujol) umax  3425 (br, NH), 1775 (C=O), 1110, 1050 cm -1 ; MS (ei) mlz 41 
(49%), 55 (base), 98 (52), 99 (89), 140 (94), 284 (48), 381 (3, M); 
Accurate mass (ei), Found: 381.17874; C19H27N07 requires: 381.17872; 
Elemental analysis, Found: 59.8% C, 7.12% H, 3.48% N; C19H27N07 
requires: 59.84% C, 7.09% H, 3.67% N. 
3.2 Preparation of N-Acyl Derivatives of Auxiliary (220) 
3.2.1 Preparation of (5R)-N- (Propionyl)-4-aza- 7,8:9, 10-di-O- 
cyclohexylidene-2,6-dioxa-5-spiro[4,5ldecan-3-one (230) 
To a solution of (5R)-4-aza-7 ,8 :9, 10-di-O-cyclohexylidene-2 ,6-dioxa-
5-spiro[4,5]decan-3-one (220) (1.00g, 2.62 nimol) in dry THF (40 ml), at - 
78 0C under argon, was added n-butyl lithium (1.8m1 of 1.6M solution, 
2.89 mmol) via syringe. After stirring for 30 minutes, a solution of freshly 
distilled propionyl chloride (0.49g, 5.25 mmol, 2 eq) in THF (10 ml) was 
added dropwise via syringe. The reaction mixture was warmed to room 
temperature and stirred at this temperature for 30 minutes, after which 
time t.l.c. showed the reaction to be complete. 
Excess acid chloride was hydrolysed by addition of aqueous 1M 
sodium carbonate solution (10 ml), followed by vigorous stirring for 15 
minutes. THF was removed in vacuo and then the product was extracted 
into ether (3 x 50 ml). The combined ether extracts were washed with 
water, dried (MgSO4) and evaporated. The residue was subjected to flash 
column chromatography (bOg silica) using hexane:ether (3:1) elution. 
This afforded (5R)-N-(propionyl)-4-aza- 7,8.9,10-di-O-cyclohexylidene-2 , 6- 
dioxa-5-spiro[4,5]decan-3-one (230) as a colourless foam (0.95g, 83%); 
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[a]D24 = +16.4 0 (c=1.0, CH2C12); 1H NMR (360 MHz, CDC13) 8 5.33 (1H, 
d, J=2.7 Hz, C-7H), 4.96 (1H, d, J=5.4 Hz, C-9H), 4.60 (1H, d, J=5.4 Hz, C- 
10H), 4.54 (1H, d, J=10.4 Hz, C-1H), 4.29 (1H, d, J=10.4 Hz, C-1H), 3.97 
(1H, dd, J=2.6, 0.5 Hz, C-8H), 2.97-2.81 (2H, symm m, CH3Cff2),  1.79- 
1.36 (20H, br m, 10CH2), 1.09 (3H, t, J=7.3 Hz, Cff3CH2); 13C NM.R 
(90.6 MHz, CDC13) 8 173.42 (C=O), 153.11 (C=O), 112.08 (quat C), 109.29 
(quat C), 93.96 (CH), 88.96 (quat C), 78.52 (CH), 75.71 (CH), 73.13 (CH), 
68.98 (CH2), 65.66 (CR2), 36.89 (CH2), 36.70 (CH2), 35.08 (CH2), 34.57 
(CR2), 29. 89 (CH2), 24.67 (CH2), 24.63 (CR2), 23.72 (CR2), 23.64 (CR2), 
23.52 (CH2), 7.94 (CH3) ppm; JR (nujol) 	1795 (oxazolidinone C=O), 
1725 (C=O), 1295, 1235, 770 cm-1 ; MS (ei) mlz 55 (69%), 57 (base), 98 
(31), 99 (36), 140 (27), 437 (23, M); Accurate mass (ei), Found: 
437.20495, C22H3 1N08 requires: 437.20493. 
3.2.2 Preparation of (5R)-N-((E)-Crotonyl)-4-aza- 7,8.9,1 O-di-O- 
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (223) 
This reaction was conducted with (5R)-4-aza-7,8:9,10-di-0-
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (220) (1.00g, 2.62 mmol) 
and freshly distilled crotonyl chloride (0.55g, 2.89 mmol, 1.1 eq) according 
to the procedure given in section 3.2.1 above. The crude product was 
subjected to flash column chromatography using hexane:ether (3:1) 
elution, to afford (5R)-N-((E)-crotonyl)-4-aza- 7,8:9, 10-di-0- 
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (223) as a colourless 
foam (0.96g, 81%); [a]D24  = +19.20 (c=1.00, CH202); 'H NMR (200 
MHz, CDC13) 5 7.14-7.07 (2H, symm m, Cff=Cff-CH3),  5.34 (1H, d, J=2.7 
Hz, C-7H), 4.95 (1H, d, J=5.4 Hz, C-9H), 4.62 (1H, d, J=5.4 Hz, C-10H), 
4.55 (1H, d, J=10.3 Hz, C-1H), 4.30 (1H, d, J=10.4 Hz, C-1H), 3.97 (1H, d, 
J=2.7 Hz, C-8H), 1.90 (3H, dd, J=5.0, 2.5, Hz, Cff3CH=), 1.57-1.35 (20H, 
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hr m, 10CH2) ppm; 13C NMR (50.3 MHz, CDC13) ö 164.21 (C=O), 153.04 
(C=O), 147.15 (CH=), 122.36 (CH=), 112.07 (quat C), 109.23 (quat C), 
93.95 (CH), 89.15 (quat C), 78.50 (CH), 75.74 (CH), 73.08 (CH), 68.98 
(CH2), 36.82 (CH2), 36.67 (CR2), 35.12 (CH2), 34.54 (CH2), 24.66 (CH2), 
23.69 (CH2), 23.48 (CH2), 18.35 (CH3) ppm; IR (nujol) im a. 1785 (d, 
C=O), 1705 (C=O), 1640, (C=C) cm- '; MS (ei) mlz 111 (70%), 126 (30), 140 
(base), 406 (20), 449 (40, M); Accurate mass (ei), Found: 449.20496; 
C23H31N08 requires: 449.20493. 
3.2.3 Preparation of (5R) -N-((E)-Cinnamoyl)-4-aza-7,8:9,1O-di-O- 
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (224) 
This reaction was conducted with (5R)-4-aza-7,8:9,10-di-0-
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (220) (1.00g, 2.62 mmol) 
and cinnamoyl chloride (0.87g, 5.25 mmol) according to the procedure 
given in section 3.2.1 above. The crude product was subjected to flash 
column chromatography using hexane:ether (3:1) elution to yield a foam. 
This was recrystallised from diisopropyl ether to afford (5R)-N-((E)-
cinnamoyl)-4-aza- 7,8:9, 10-di-O-cyclohexylidene -2 , 6-dioxa-5- 
spiro[4,5Jdecan-3-one (224) as colourless solid (0.75g, 56%) ; Mp = 145-146 
°C; [a]j 24  = -4.210 (c=0.76, CH202); 1H NMR (360 MHz, CDC13) 8 7.80 
(1H, d, J=15.7 Hz, Cfl=CH), 7.59-7.55 (2H, m, ortho-Ar CH), 7.43-7.37 
(4H, m, meta+para-Ar CH, CH=Cff), 5.39 (1H, d, J=2.6 Hz, C-7H), 5.05 
(1H, d, J=5.4 Hz, C-9H), 4.71 (1H, d, J=5.4 Hz, C-10H), 4.61 (1H, d, 
J=10.4 Hz, Cl-H), 4.36 (1H, d, J=10.3 Hz, Cl-H), 4.03 (lH, dd, J=2.6, 0.6 
Hz, C-8H), 1.68-1.38 (20H, br m, 10CH2) ppm; 13C NMR (90.6 MHz, 
CDC13) 5 164.49 (C=O), 153.14 (C=O), 146.66 (CH=), 134.23 (Ar quat C), 
130.58. (Ar CH), 128.68 (Ar CH), 128.44 (Ar CH), 117.35 (CH=), 112.10 
(quat C), 109.25 (quat C), 93.95 (CH), 89.23 (quat C), 78.51 (CH), 75.73 
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(CH), 73.13 (CH), 69.09 (CH2), 36.82 (CH2), 36.67 (CH2), 35.09 (CH2), 
34.53 (CH2), 24.65 (CH2), 24.59 (CH2), 23.69 (CH2), 23.63 (CH2), 23.46 
(CH2) ppm; ER (nujol) 'u ma. 1780 (d, oxazolidinone C=O), 1715 (C=O), 
1630 (C=C) cm-1 ; MS (ei) mlz 30 (38%), 42 (38), 46 (62), 56 (50), 60 (38), 
72 (50), 91 (base), 109 (35), 126 (44), 131 (36), 504 (56); Accurate mass 
(ei), Found: 511.22060; C28H33N08 requires: 511.22058. 
3.2.4 Preparation of (5R)-N-(Acryloyl)-4-aza- 7,8.9,1O-di-O- 
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (222) 
This reaction was conducted according to the method of Evans. 
To dry magnesium turnings (0.104g, 4.33 mmol, 1.1 eq) at room 
temperature, under argon, was added sufficient methyl bromide solution 
to just cover the turnings (approximately 10 ml of 2M solution in ether). 
After the reaction had started (gentle warming was required), more 
methyl bromide was added at a rate sufficient to sustain the reaction. 
When all of the magnesium turnings had been consumed, the solution was 
cooled to 0 °C and a solution of (5R)-4-aza-7,8:9,10-di-O-cyclohexylidene-
2,6-dioxa-5-spiro[4,5]decan-3-one (220) (1.50g, 3.94 mmol) in THF (10 ml) 
was added via syringe. After stirring at 0 0C for 15 minutes, the solution 
was cooled to -78 °C and a solution of freshly distilled acryloyl chloride 
(0.73g, 7.87 mmol, 2 eq) in THF (10 ml) was added. The reaction mixture 
was stirred at -78 °C for 5 minutes, then warmed to room temperature 
and stirred at this temperature for 1 hour, after which time t.l.c showed 
that the reaction was complete. 
The reaction was quenched with 1M sodium carbonate solution (10 
ml) and THF was removed in vacuo. The mixture was then extracted with 
ether (3 x 50 nil); the combined ether extracts were washed with water (3 
x 50 ml), dried (MgSO4) and evaporated. The resulting residue was 
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subjected to flash column chromatography using hexane:ether (3:1) as 
elution 	solvent 	to 	afford 	(5R)-N-(aciyloyl)-4-aza-7,8:9, 10-di-0- 
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (222) as a colourless 
solid (1.08g, 63%); [cc]D 24  = +22.60 (c=0.88, CH202); 'H NMR (200 
MHz, CDC13) 6 7.37 (1H, dd, J=16.9, 10.5 Hz, Cff=CH2), 6.51 (1H, dd, 
J=16.9, 1.7 Hz, =CffH),  5.87 (1H, dd, J=10.5, 1.7 Hz, =CHfl), 5.36 (1H, d, 
J=2.7 Hz, C-7H), 4.99 (1H, d, J=5.5 Hz, C-9H), 4.66 (1H, d, J=5.4 Hz, C- 
10H), 4.59 (1H, d, J=10.3 Hz, C-1H), 4.33 (1H, d, J=10.3 Hz, C-1H), 4.00 
(1H, dd, J=2.7, 0.7 Hz, C-8H), 1.83-1.37 (20H, br m, 10 CH2) ppm; 13C 
NMR (50.3 MHz, CDC13) 6 164.29 (C=O), 152.96 (C=O), 132.04 (CH2=), 
127.95 (CH=), 112.17 (quat C), 109.39 (quat C), 94.01 (CH), 89.16 (quat 
C), 78.40 (CH), 75.69 (CH), 72.92 (CH), 69.21 (CH2), 36.85 (CH2), 36.67 
(CH2), 35.11 (CH2), 34.55 (CH2), 24.68 (CH2), 23.74 (CH2), 23.67 (CH2), 
23.52 (CR2); IR (nujol) Umax 1795 (oxazolidinone C=O), 1695 (C=O), 1615 
(C=C) cm-1 ; MS (ei) mlz 55 (base), 98 (15), 140 (14), 435 (5, Mt); 
Accurate mass (ei), Found: 435.18930; C22H29N08 requires: 435.18928. 
3.3 Applications of Auxiliary (220) 
3.3.1 Asymmetric Lewis Acid Catalysed Diets-Alder Reactions 
3.3.1.1 	With (5R)-N-(Acryloyl)4-aza-7,8:9, 10-di-0- 
cyclohexylidene-2,6-dioxa-5-spirof4, 5Jdecan-3-one (222) 
To 	a 	solution 	of 	(5R)-N-(acryloyl)-4-aza-7,8:9,10-di-0- 
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one 	(222) 	(0.536g. 
1.23mmol) in dry methylene chloride (20 ml), at -78 °C, under argon, was 
added freshly cracked cyclopentadiene (0.81g, 1.23 mmol), followed 
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immediately by diethylaluminium chloride (0.96 ml of 1.8M solution, 1.73 
mmol, 1.4 eq) (a transient yellow colour was observed). 
The reaction mixture was stirred at -78 0C for 15 minutes (t.Lc. 
showed reaction to be complete) and then quenched with saturated 
ammonium chloride solution (5 ml). The solution was allowed to warm up 
to room temperature, then poured onto a 1:1 mixture of methylene 
chloride/water and separated. The aqueous layer was extracted with 
methylene chloride (3 x 20 ml). The combined organic extracts were 
washed with water (10 ml), dried (MgSO4) and evaporated to yield a thick 
gum. This was subjected to flash column chromatography using 
hexane:ether (5:1) as the elution solvent to give the Diels-Alder product as 
an oil which crystallised on standing (0.610g, 99%). 
The 200 MHz 1H NMR of this product indicated that the endo:exo 
selectivity was 98:2 and that the endo diastereomeric excess was 95%. 
(these ratios were determined by integration of the doublet of doublet 
signals in the range 5.70 - 6.30 ppm arising from the alkenic protons in 
the product) The major diastereomer was identified as (5R)-N-((3'S, 4'S, 
6'S)-bicyclo[2. 2. lJheptene-4 '-carbonyl)-4-aza- 7,8:9, 1O-di-O- 
cyclohexylidene-2, 6-dioxa-5-spiro[4,5]decan-3-one (225); 'H NMR (360 
MHz, CDC13) 8 6.15 (1H,dd, J=5.6, 3.1 Hz, C=CH), 5.81 (1H, dd, 5.6, 2.8 
Hz, CH=Cfl), 5.31 (111, d, J=2.6 Hz, C-7H), 4.87 (1H, d, J=5.4 Hz, C-9H), 
4.53 (1H, d, J=10.4 Hz, C-1H), 4.44 (1H, d, J=5.4 Hz, C-10H), 4.26 (1H, d, 
J=10.4 Hz, C-1H), 3.98-3.95 (1H, m, CH-C=O), 3.93 (1H, d, J=2.6 Hz, C- 
8H), 3.21 (1H, br s, bridgehead CH), 2.86 (1H, br s, bridgehead CH), 1.89- 
1.82 (111, m, CIIH),  1.63-1.33 (23H, br m, 10CH2,CH2, CHU)  ppm; 13C 
NMR (90.6 MHz, CDC13) ö 173.54 (C=O), 152.87 (C=O), 138.01 (CH=), 
131.10 (CH=), 112.04 (quat C), 109.17 (quat C), 93.86 (CH), 89.29 (quat 
C), 78.48 (CH), 75.69 (CH), 72.96 (CH), 68.38 (CH2), 49.87 (CH2), 46.16 
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(CH), 44.31 (CH), 42.54 (CH), 36.81 (CH2), 36.60 (CR2), 35.07 (CH2), 
34.53 (CH2), 28.75 (CR2), 24.59 (CH2), 23.65 (CH2), 23.55 (CR2), 23.49 
(CR2), 23.46 (CR2) ppm; MS (ei) m/z 32 (40%), 55 (base), 66 (25), 501 (0.7, 
M); Accurate mass (ei) Found: 50 1.23625, C27H35N08 requires: 
501.23623. 
3.3.1.2 	With (5R)-N-((E)-Crotonyl)-4-aza-7,8:9, 10-di-0- 
cyclohexylidene-2,6-dioxa-5-spirof4,5Jdecan-3-one (223) 
The Diels-Alder reaction between (5R)-N-((E)-crotonyl)-4-aza-
7,8:9, 10-di-O-cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (223) 
(0.200g, 0.445 mmol) and cyclopentadiene (0.29g, 4.45 minol, 10 eq) was 
conducted, at -78 °C, according to the procedure given in section 3.3.1.1 
above. 
The crude product was subjected to flash column chromatography 
using hexane:ether (5:1) to afford an oil which crystallised on standing 
(0.225g, 98%). 
The 200 MHz 1H NMR spectrum of this product indicated that the 
endo:exo selectivity was 97:3 and that the endo diastereomeric excess was 
95%. The major diastereomer was identified as (5R)-N-((3'S, 4'S, 5'R, 
6'S)-5 '-methylbicyclo[2.2. 1]heptene-4 '-carbonyl)-4-aza- 7,8:9, 1O-di-O- 
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (226); 'H NMR (360 
MHz, CDC13) ö 6.33 (1R, dd, J=5.6, 3.1 Hz, Cff=CR), 5.72 (1H, dd, J=5.6, 
2.7 Hz, CH=Cfl), 5.32 (1H, d, J=2.6 Hz, C-7H), 4.89 (1H, d, J=5.4 Hz, C-
9R), 4.52 (1R, d, J=10.4 Hz, C-1H), 4.40 (1H, d, J=5.4 Hz, C-10H), 4.26 
(1H, d, J=10.4 Hz, C-1H), 3.94 (1H, d, J=2.6 Hz, C-8H), 3.47 (1H, dd, 
J=4.3, 3.4 Hz, CH-C=O), 3.22 (1R, br s, bridgehead CH), 2.47 (1H, br s, 
bridgehead CH), 2.13-2.06 (1H, m, CffCH3), 1.76-1.22 (22R, br m, 11 
CR2), 1.04 (3H, d, J=7.1 Hz, CR3) ppm; 13C NMR (90.6 MHz, CDC13) 8 
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173.36 (C=O), 153.05 (C=O), 140.09 (CH=), 130.19 (CH=), 112.08 (quat C), 
109.23 (quat C), 93.91 (CH), 89.44 (quat C), 78.48 (CH), 75.71 (CH), 72.94 
(CH), 68.38 (CH2), 52.47 (CH), 49.23 (CH), 47.36 (CH), 46.93 (CH2), 36.84 
(CR2), 36.65 (CH2), 35.63 (CH), 35.12 (CH2), 34.59 (CH2), 24.62 (CH2), 
23.70 (CH2), 23.56 (CH2), 23.51 (CH2), 20.09 (CR3) ppm; MS (ci) m/z 49 
(90%), 84 (base), 140 (65), 266 (50), 449 (50), 515 (40, M); Accurate 
mass (ei), Found: 515.25189; C28H37N08 requires: 515.25188. 
3.3.1.3 	With (5R)-N-((E)-C!nnamoyl)-4-aza-7,8:9, 1O-di-O- 
cyclohexylidene-2,6-dioxa-5-spirof4, 5Jdecan-3-one (224) 
The Diels-Alder reaction between (5R)-N-((E )-cinnamoyl)-4-aza-
7,8:9, 10-di-O-cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (224) 
(0.400g, 0.782 mmol) and cyclopentadiene (0.52g, 7.82minol, 10 eq) was 
conducted according to the procedure given in section 3.3.1.1 above. After 
the addition of the diethylaluminium chloride catalyst, the reaction 
mixture was warmed to -20 °C (a carbon tetrachloride/dry ice slush bath 
was used) and stirred at this temperature for 30 minutes, after which 
time the yellow colour of the solution had faded and t.l.c. indicated that 
the reaction was complete. Work-up was continued as in section 3.3.1.1 
above. 
The crude product was subjected to flash column chromatography 
using hexane:ether (6:1) to afford an oil which crystallised on standing 
(0.28g, 62%). 
The 200 MBz 'H N?.4IR spectrum of this product indicated that the 
endo:exo selectivity was 96:4 and that the endo cliastereomeric excess was 
> 95%. The major diastereomer was identified as (5R)-N-((3'S, 4'R, 5'R, 
6'S)-5 '-phenylbicyclo[2. 2. 1]heptene-4 '-carbonyl)-4-aza- 7,8:9, 1O-di-O- 
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (227); 'H NMR (360 
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MHz, CDC13) 6 7.25-7.12 (5H, m, Ar CH), 6.51 (1H, dd, J=5.6, 3.2 Hz, 
Cff=CH), 5.91 (1H, dd, J=5.6, 2.7 Hz, CH=Cff),  5.35 (1H, d, J=2.6 Hz, C- 
7H), 4.98 (1H, d, J=5.3 Hz, C-9H), 4.57 (1H, d, J=10.5 Hz, C-1H), 4.45 
(1H, d, J=5.3 Hz, C-10H), 4.31 (1H, d, J=10.5 Hz, C-1H), 4.11 (1H, dd, 
J=5.1, 3.4 Hz, CH-C=O), 3.98 (1H, d, J=2.5 Hz, C-8H), 3.43 (1H, br s, 
bridgehead CH), 3.38 (1H, d, J=4.2 Hz, CH-Ph), 3.06 (1H, br d, J=1.4 Hz, 
bridgehead CH), 1.92 (1H, d, J=8.6 Hz, CffH),  1.65-1.34 (21H, br m, 10 
CH2, CHU)  ppm; 13C NMR (90.6 MHz, CDC13) 6 172.96 (C=O), 152.82 
(C=O), 143.53 (Ar quat C), 140.47 (CH=), 131.55 (CH=), 128.19 (Ar CH), 
127.17 (Ar CH), 125.77 (Ar CH), 112.11 (quat C), 109.25 (quat C), 93.86 
(CH), 89.34 (quat C), 78.66 (CH), 75.85 (CH), 73.16 (CH), 68.44 (CH2), 
52.18 (CH), 48.43 (CH), 48.12 (CH2), 47.38 (CH), 45.63 (CH), 36.93 (CH2), 
36.67 (CH2), 35.11 (CH2), 34.64 (CH2), 24.59 (CH2), 23.67 (CH2), 23.50 
(CH2) ppm; MS (ei) m/z 66 (40%), 103 (40), 153 (30), 266 (30), 414 (50), 
511 (40), 577 (5, M); Accurate mass (ei), Found: 577.26753; 
C33H39N08 requires: 577.26753. 
3.3.1.4 	Cleavage of (5R)-N-((3'S, 4'S, 6'S)-bicyclof2.2. ljheptene- 
4 'carbon yl)-4-aza-7,8:9, 10-di-O-cyclohexylidene-2, 6-dioxa-
5-spiro f4,5Jdecan-3-one (225) 
To a solution of benzyl alcohol (0.130g, 1.20 mmol, 2 eq) in dry THF 
(5 ml), at -78 °C, under argon, was added n-butyl lithium (0.41 ml of 1.6M 
solution, 0.659mmo1). After stirring for 15 minutes, a solution of (5R)-N-
((3'S, 4'S, 6'S)-bicyclo[2.2. 1]heptene-4'-carbonyl)-4-aza-7,8:9, 10-di-O-
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (225) (0.300g, 0.599 
mmol) in THF (10 ml) was added dropwise via syringe. The solution was 
stirred at -78 °C for 5 minutes, then warmed to room temperature and 
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stirred at this temperature for 15 minutes after which time t.l.c. indicated 
that the reaction was complete. 
The reaction was quenched with saturated ammonium chloride 
solution (10 ml), and then THF was removed in vacuo. The mixture was 
next poured onto a 1:1 ether/water mixture and separated. The aqueous 
layer was extracted with ether (3 x 20 ml). The combined ether extracts 
were washed with water (10 ml), dried (MgSO4) and evaporated. 
The crude residue was subjected to flash column chromatography 
(50g silica). Elution with hexane:ether (5:1) (500 ml) gave benzyl (3S, 4S, 
6S)-bicyclo[2.2.lJheptene-4-carboxylate (168) as a clear viscous oil (0.126g, 
92%); 1o1D23  = -1260 (c=0.78, CH202), (lit. 12 [cx]D = -1290 (c=1.37, 
CHC13)); the 200 MHz 1H NMR spectrum of this compound was identical 
to that obtained in section 2.3.1.5. 
Further elution with hexane:ether (3:1) (500 ml) yielded benzyl 
alcohol. Finally, elution with pure ether (500 ml) gave an off-white solid 
(0.210g) which was shown by 'H NMR to consist of a mixture of (5R)-4-
aza-7,8:9, 10-di-O-cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan-3-one (220) 
and its epimer at C-5. 
3.3.2 Asymmetric Aldol Reaction 
To a solution of diisopropylamine (0.051g, 0.503 mmol) in dry THY 
(3 ml), at 0 °C, under argon, was added n-butyl lithium (0.31 ml of 1.6M 
solution, 0.503 mmol). After 15 minutes, the solution was cooled to -78 °C 
and (5R)-N-(propionyl)-4-aza-7 ,8 :9, 10-di-O-cyclohexylidene-2,6-dioxa-5-
spiro[4,5]decan-3-one (230) (0.200g, 0.458 mmol) in THF (5 ml) was added 
dropwise via syringe. The reaction mixture was stirred at -78 OC for 30 
minutes and then to the resulting lithium enolate solution was added, 
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rapidly, a solution of freshly distilled benzaldehyde (0.053g, 0.503 mmol) 
in THF (5 ml). 
The reaction mixture was quenched after 2 minutes with saturated 
ammonium chloride solution (10 ml) and allowed to warm up to room 
temperature. THF was removed in vacuo and then the mixture was 
extracted with ether (3 x 20 ml). The combined ether layers were washed 
with water (10 ml), dried (MgSO4) and evaporated to yield the crude aldol 
product as an oil which crystallised on standing (0.24g, 96%). 
Examination of the 360 MHz -H NMR of this crude product 
indicated that two erythro diastereomers (3J=5.2 Hz) and one threo 
diastereomer ( 3J=8.6 Hz) were present in the ratio of 90:2:7, giving a 
diastereomeric excess of 81% (these ratios were determined by integration 
of the doublets in the range 4.60-5.10 ppm, arising from the PhCHOH 
protons; the erythro/threo assignments were made on the basis of the 
vicinal coupling constants, which are given). The major diastereomer was 
identified as (5R)-N-((2 'S, 3 'S)-3 '-hydroxy-2 '-met hyl-3 '-phenylpropionyl)-4-
aza- 7.8:9, lO-di- 0 -cyclohexylidene-2, 6-dioxa-5-spiro-[4,5]decan-3-one (231); 
1H NMR (360 MHz, CDC13) 5  7.37-7.22 (5H, m, Ph), 5.31 (1H, d, J=2.5 
Hz, C-7H), 5.02 (1H, br d, J=3.9 Hz, PhCffOH), 4.92 (1H, d, J=5.3 Hz, C- 
9H), 4.39 (1H, d, J=10.5 Hz, C-1H), 4.25 (1H, d, J=10.5 Hz, C-1H), 4.21 
(1H, d, J=5.2 Hz, C- 10H), 4.09 (1H, dq, J=6.9, 4.8 Hz, CflCH3), 3.94 (1H, 
d, J=2.5 Hz, C-8H), 2.86 (1H, br d, J=2.2 Hz, OH), 1.73-1.24 (20H, br m, 
10 CH2), 1.14 (3H, d, J=6.9 Hz, CCH) ppm; 13C  NMR (90.6 MHz, 
CDC13) 8 175.60 (C=O), 152.69 (C=O), 141.34 (Ar quat C), 128.12 (Ar CH), 
127.50 (Ar CH), 126.13 (Ar CH), 112.20 (quat C), 109.17 (quat C), 93.90 
(CH), 88.92 (quat C), 78.83 (CH), 75.70 (CH), 74.06 (CH), 73.11 (CH), 
69.12 (CH2), 65.68 (CH2), 45.20 (CH), 36.94 (CH2), 36.78 (CH2), 35.11 
(CR2), 34.63 (CH2), 24.66 (CH2), 24.60 (CR2), 23.72 (CH2), 23.54 (CH2), 
10.64 (CH3) ppm; Accurate mass (FAB) Found: 544.25461, C29H38N09 
(M+H) requires: 544.25462. 
3.3.2.1 	Reductive Cleavage of (5R)-N-((2'S, 3'S)-3'-hydroxy-2'- 
methyl-3'-phenylpropionyl)-4-aza-7.8:9, 10-di-0- 
cyclohexylidene-2, 6-dioxa-5-spiro-[4,5]decan-3-one (231) 
(Using L1BH4 / H20) 
This reaction was conducted according to the method developed by 
Penning and co-workers 14 . 
To an ice-cooled solution of (5R)-N-((2S, 3'S)-3'-hydroxy-2'-methyl-
3'-phenylpropionyl)-4-aza-7 ,8:9, 10-di-O-cyclohexylidene-2,6-dioxa-5-spiro-
[4,5]decan-3-one (231) (0.20g, 0.368 imnol) in dry THF (10 ml), under 
argon, was added water (7.5 .tl, 0.404 mmol, 1.1 eq) and solid lithium 
borohydride (0.009g, 0.404 nimol, 1.1 eq). The reaction mixture was 
stirred at 0 °C for 1.5 hours, after which time t.l.c. showed reaction to be 
complete. 
The reaction was quenched by dropwise addition of water (10 ml), 
followed by stirring until the solution turned clear (15 minutes). After 
removing THF in vacuo, the solution was poured onto a 1:1 ether/water 
mixture and separated. The aqueous layer was extracted with ether (3 x 
20 ml). The combined ether extracts were washed with water (10 ml), 
dried and evaporated to yield a clear, viscous oil. This was subjected to 
flash column chromatography (50g silica) using hexane:ether (1:1) as the 
elution solvent. The first fraction to be eluted was (iS, 2R)-1-phenyl-2-
methylpropane-1,3-diol (185) as a viscous oil which later solidified. This 
was recrystallised from a hexane/ether mixture to yield colourless crystals 
(flakes) (0.042g, 72%); Mp = 70-73 OC; [a]D23  = -60.20 (c=0.34, CH202); 
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the 200 MHz 1H NMR spectrum of this compound was identical to that 
obtained in section 2.3.4.1. 
3.3.3 Attempted Asymmetric Acylation Reaction (with Propionyl 
Chloride) 
To a solution of diisopropylamine (0.051g, 0.503 mmol) in dry THF 
(2 ml), at 0 O(,  under argon, was added n-butyl lithium (0.31 ml of 1.6M 
solution, 0.503 mmol). After 10 minutes, the solution was cooled to -78 O 
and a solution of (5R)-N-(propionyl)-4-aza-7 ,8 :9, 10-di-O-cyclohexylidene-
2,6-dioxa-5-spiro[4,5ldecan-3-one (230) (0.200g, 0.458 mmol) in THF (10 
ml) was added dropwise via syringe. The reaction mixture was stirred at - 
78 °C for 30 minutes and then to the resulting lithium enolate solution 
was added, rapidly, a solution of freshly distilled propionyl chloride 
(0.064g, 0.686 mmol, 1.5 eq) in THF (5 ml). 
The reaction mixture was quenched after 3 minutes with saturated 
ammonium chloride solution (10 ml) and allowed to warm up to room 
temperature. THF was removed in vacuo and then the mixture was 
extracted with ether (3 x 20 ml); the combined ether layers were washed 
with water (10 ml), dried (MgSO4) and evaporated to yield a colourless 
foam. This was subjected to flash column chromatography (80g silica) 
using hexane:ether (3:1) as the elution solvent. The first fraction to be 
eluted was a colourless solid which was identified by 60 MHz 1H NMR as 
unreacted starting material (0.08g, 40% recovery). The second fraction to 
be eluted was (5R)-N-((Z)-propenyl propionyl)-4-aza- 7,8:9,10-di-O-
cyclohexylidene-2,6-dioxa-5-spiro[4,5]decan3 -one (233) as a colourless solid 
(0.163g, 72%); 'H NMR. (200 MHz, CDC13) ö 5.61 (1H, q, J=7.1 Hz, 
CH3Cfl=), 5.37 (1H, d, J=2.8 Hz, C-7H), 4.63 (1H, d, J=6.2 Hz, C-9H), 
4.57 (1H, d, J=6.2 Hz, C-10H), 4.46 (1H, d, J=9.8 Hz, C-1H), 4.29 (1H, d, 
230 
J=9.8 Hz, C-1H), 4.11 (1H, dd, J=2.7, 0.6 Hz, C-8H), 2.42 (2H, qd, J=7.6, 
1.5 Hz, CH2-C=O), 1.67-1.37 (20H, m, 10 CH2), 1.14 (3H, t, J=7.5 Hz, 
Cff3CH2C=O) ppm; 13C NMR (50.3 MHz, CDC13) 8  170.71 (C=O), 154.56 
(C=O), 133.54 (quat C), 116.48 (CH=), 111.69 (quat C), 109.80 (quat C), 
94.16 (CH), 90.80 (quat C), 76.18 (CH), 74.34 (CH), 69.97 (CH), 67.11 
(CH2), 36.73 (CH2), 35.76 (CH2), 34.85 (CH2), 33.83 (CH2), 27.00 (CH2), 
24.67 (CH2), 24.56 (CH2), 23.70 (CH2), 23.57 (CH2), 23.42 (CH2), 23.34 
(CH2), 11.24 (CH3), 8.66 (CH3) ppm; Accurate mass (ei), Found: 
493.23116; C25H35N09 requires: 493.23114. 
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4. Chiral Auxiliary From 2,3:4,6-Di-0-isopropylidene-2-
keto-L-gulonic acid (235) 
4.1 Synthesis of Auxiliary (239) 
4.1.1 Preparation of 2,3:4, 6-Di-O-isopropylidene-2-keto-L- 
gulofuranose -2  -methanoi (236) 
To a suspension of lithium aluminium hydride (3.99g, 0.103 mol, 
1.5 eq) in dry THF (200 ml), at 0 OC, under argon, was added dropwise a 
solution of 2,3:4,6-di-0-isopropylidene-2-keto-L-gulonic acid (235) (20.0g, 
68.5 mmol) in T}{F (200 ml). After addition was complete, the reaction 
mixture was stirred at room temperature for 5 hours, after which time 
t.l.c. showed the reaction to be complete. 
The reaction was quenched by careful, dropwise, addition of water 
until a granular precipitate had formed. This was filtered off and washed 
thoroughly with ether. The filtrate was then dried (MgSO4) and 
evaporated to yield 2,3:4, 6-di- O-isopropylidene-2-keto-L-gulofuranose -2- 
methanol (236) as a colourless syrup (15.82g, 89%); 1 H NMR (200 MHz, 
CDC13) 8 4.12 (1H, d, J=11.5 Hz, CHHOH), 4.36 (111, s, CH-O), 4.32 (1H, 
d, J=1.6 Hz, CH-O), 4.33 (1H, d, J=11.5 Hz, CHffOH), 4.09 -4.05 (1H, m, 
CH-O), 3.98-3.76 (2H, m, CH-O), 1.41 (3H, s, CH3), 1.35 (3H, s, CH3), 1.32 
(3H, s, CH3), 1.30 (3H, s, CH3) ppm; IR (thin film) umax 3480 (br, OH), 
1450, 1380 cm-1 ; Accurate mass (FAB), Found: 261.13369; C12H2106 
(M+H) requires: 26 1.13370. 
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4.1.2 Preparation of 2,3:4, 6-Di-O-isopropylidene-2-keto-L-
gulofuranose-2-methylch loroformate (237) 
A solution of 2,3:4 ,6-di-O-isopropylidene-2-keto-L-gulofuranose-2-
methanol (236) (13.5g, 51.9 mmol) and pyridine (4.10g, 51.9 mmol) in dry 
ether (200 ml), was added dropwise to a rapidly stirred solution of 
phosgene (77 ml of 20% solution in toluene, 156mmol, 3eq), at 0 °C, under 
argon. After addition was complete, the reaction mixture was warmed to 
room temperature and stirred at this temperature overnight (20 hours). 
The reaction mixture was filtered, the precipitate was washed 
thoroughly with ether and the filtrate evaporated to yield 2,3:4,6-di-0-
isopropylidene-2-keto-L-gulofuranose-2-methylchloroformate (237) as a 
viscous yellow syrup (13.89g, 82%). This rapidly darkened on exposure to 
air and was used immediately for the next stage without further 
purification; 111 NMR (200 MHz, CDC13) 6 4.71 (1H, d, J=11.5 Hz, C-1H), 
4.41 (1H, s, C-3H), 4.28 (1H, d, J=1.7 Hz, C-4H), 4.21 (1H, d, J=11.5 Hz, 
C-lffH), 4.09-4.05 (1H, m, C-5H), 3.98-3.74 (2H, m, C-6H2), 1.45 (3H, s, 
CH3), 1.37 (3H, s, CH3), 1.32 (3H, s, CH3), 1.29 (3H, s, CH3) ppm; JR 
(thin film) Dmax  1780 (C=O), 1455, 1380 cm-1 ; Accurate mass (FAB), 
Found: 323.08971; C13H2035007 (M+H) requires: 323.08974 
4.1.3 Preparation of 2,3:4, 6-Di-O-isopropylidene-2-keto-L-
gulofuranose -2-methylazidoformate (238) 
A solution of sodium azide (5.60g, 86.1 mmol, 2 eq) and 
tetrabutylammonium bromide, TBAB, (0.5g) in water (300 ml) was added, 
in one go, to a rapidly stirred solution of 2,3:4,6-di-0-isopropylidene-2-
keto-L-gulofuranose-2-methylchloroformate (237) (13.9g, 43.1 mmol) in 
methylené chloride (300 ml). 
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The reaction mixture was stirred vigorously for 4 hours and then 
the two layers were separated. The aqueous layer was extracted with 
methylene chloride (3 x 50 nil); the combined organic extracts were 
washed with water (20 ml), dried (MgSO4) and evaporated to yield 
2,3:4, 6-di-O-isopropylidene-2-keto-L-gulofuranose- 2-methylazidoformate 
(238) as an pale-orange, viscous syrup (12.80g, 90%). A little of this was 
purified for analysis by flash column chromatography using hexane:ether 
(3:1) as elution solvent to afford a colourless oil; [cc]D 24  = -47.10 (c=1.94, 
CH202); 'H NMR (200 MHz, CDC13) 8 4.60 (1H, d, J=11.6 Hz, C-5H), 
4.39 (1H, s, C-3H), 4.30 (1H, d, J=1.6 Hz, C-2H), 4.25 (1H, d, J=11.6 Hz, 
C-5H), 4.09-4.07 (1H, m, C-1H), 4.00-3.75 (2H, m, C-6H), 1.46 (3H, s, 
CH3), 1.38 (3M, s, CH3), 1.33 (3H, s, CH3), 1.32 (3H, s, CH3) ppm; 
NMR (50.3 MHz, CDC13) 8 157.07 (C=O), 112.50 (quat C), 111.86 (quat 
C), 97.25 (quat C), 84.27 (CH), 72.86 (CH), 72.44 (CH), 66.15 (CH2), 59.93 
(CH2), 28.64 (CH3), 27.22 (CM3), 26.06 (CH3), 18.41 (CM3) ppm; IR (thin 
film) lJmax 2140 (N3), 1735 (C=O), 1450, 1380, 750 cm -1 ; MS (ei) mlz 43 
(base), 59 (30), 113 (32), 315 (36), no M; Accurate mass (FAB), Found: 
330.130089; C 13H20N307 (M+H) requires: 330.130089. 
4.1.4 Solution Thermolysis of 2,3:4, 6-Di-O-isopropylidene-2-keto-
L-gulonofuranose-2-inethylazidoformate (238) 
A solution of 2,3:4 ,6-di-O-isopropylidene-2-keto-L-gulonofuranose-
2-methylazidoformate (238) (2.00g, 6.08 mmol) in dry 1,1,2,2-
tetrachloroethane (TCE) (100 ml) was added dropwise onto boiling 1,1,2,2-
tetrachloroethane (bp = 147 °C) (200 nil), under argon. After addition was 
complete, the reaction mixture was allowed to reflux for a further 15 
minutes, after which time t.l.c. indicated that all the starting material had 
reacted. 
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After cooling to room temperature, the solution was evaporated in 
vacua o yield a dark brown tar. This was subjected to flash column 
chromatography (lOOg silica) using hexane:ether (1:3) as elution solvent 
to give (5S, 9S)-4-aza-5,9:6, 10-di- 0- isopropylidene-2,8-
dioxabicyclo[4.3.O]nonan-3-one (239) as a pale-yellow solid. This was 
recrystallised from diisopropylether to yield off-white crystals (1.01g, 
55%); Mp = 187-188 OC (diisopropyl ether); [a]D25  = +21.60 (c=2.26, 
CH202); 'H NMR (200 MHz, CDC13) 8 6.78 (1H, br s, NH), 4.31 (2H, 
ABq, J=11.5 Hz, C-1H2), 4.24-4.20 (2H, m, C-7H, C-6H)), 4.06 (111, dd, 
J=13.9, 2.0Hz, C-lOffH), 3.96 (1H, dd, J=13.8, 0.9 Hz, C-lOHfl), 1.49 (3H, 
s, CH3), 1.44 (3H, s, CH3), 1.39 (3H, s, CH3), 1.36 (3H, s, CH3) ppm; 13C 
NMR (50.3 MHz, CDC13) 8 153.31 (C=O), 114.84 (quat C), 106.03 (quat 
C), 97.79 (quat C), 97.41 (quat C), 73.08 (CH), 71.91 (CH), 67.74 (CH2), 
60.04 (CH2), 28.72 (CH3), 28.27 (CH3), 27.82 (CH3), 18.60 (CH3) ppm; IR 
(nujol) umax  3290 (NH), 1750 (d, C=O), 1110, 1075, 900 cm -1 ; MS (ei) mlz 
43 (70%), 59 (base), 114 (60), 286 (58, (M-15)), no M; Accurate mass 
(FAB), Found: 302.12396; C13H20N07 (M+H) requires: 302.12395; 
Elemental analysis Found: 51.5% C, 6.29% H, 4.61% N, C13H19N07 
requires: 51.8% C, 6.31% H, 4.65% N. 
4.2 Preparation of N-Acyl Derivatives of Auxiliary (239) 
4.2.1 Preparation of (5S, 9S) -N-(Propionyl)-4-aza-5,9:6,1 O-di-O- 
isopropylidene-2,8-dioxabicyclo[4.3. 0]nonan-3-one (244) 
To a solution of (5S, 9S)-4-aza-5,9:6,10-di-0-isopropylidene-2,8-
dioxabicyclo[4.3.0]nonan-3-one (239) (1.00g, 3.13 mmol) in dry THF (50 
ml), at -78 °C under argon, was added n-butyl lithium (2.2 ml of 1.6M 
solution, 3.44 mmol ) via syringe. After stirring for 30 minutes, a solution 
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of freshly distilled propionyl chloride (0.58g, 6.25 mmol, 2 eq) in THF (5 
ml) was added dropwise via syringe. The reaction mixture was warmed to 
room temperature and stirred at this temperature for 30 minutes, after 
which time t.l.c. showed the reaction to be complete. 
Excess acid chloride was hydrolysed by addition of aqueous 1M 
sodium carbonate solution (10 ml), followed by vigorous stirring for 15 
minutes. THF was removed in vacuo and then the product was extracted 
into ether (3 x 20 ml). The combined ether extracts were washed with 
water (10 ml), dried (MgSO4) and evaporated to yield (5S, 9S)-N- 
(propionyl)-4-aza-5,96, 10-di-0-isopropylidene-2,8- 
dioxabicyclo[4.3. 01nonan-3  -one (244) as a colourless syrup, which partially 
crystallised on standing (0.98g, 83%); [a]D 25  = +36.60 (c=2.14, CH202); 
1H NMR (200 MHz, CDC13) 8 4.76 (1H, d, J=2.4 Hz, CH-O), 4.37 (2H, 
ABq, J=11.4 Hz, CH20), 4.28-4.27 (1H, m, CH), 4.02-3.95 (2H, ABqd, 
J=13.9, 2.3, 1.7 Hz, CH20-C=O), 2.97-2.78 (2H, symm m, CH3CH2),  1.54 
(3H, s, CH3), 1.38 (3H, s, CH3), 1.30 (3H, s, CH3), 1.25 (3H, s, CH3), 1.12 
(3H, t, J=7.1 Hz, Cfl3CH2) ppm; 13C NMR (50.3 MHz, CDC13) 8  173.41 
(C=O), 153.12 (C=O), 116.10 (quat C), 108.19 (quat C), 108.19 (quat C), 
100.27 (quat C), 97.81 (quat C), 73.84 (CH), 71.94 (CH), 67.01 (CH2), 
59.97 (CH2), 30.01 (CH2), 28.53 (CH3), 28.46 (CH3), 27.91 (CH3), 18.31 
(CH3), 7.96 (CH3) ppm; IR (thin film) -umax 1740 (C=O), 1720 (C=O) cm-1 ; 
Accurate mass (FAB) Found: 358.15015, C16H24N08 (M+H) requires: 
358.15017. 
4.2.2 Preparation of (5S, 9S) -N-((E)-Crotonyl)-4-aza-5,9:6,1O-di-O- 
isopropylidene-2,8-dioxabicyclo[4.3.O]nonan-3-one (241) 
This reaction was conducted with (5S, 9S)-4-aza-5,9:6,10-di-0-
isopropylidene-2,8-dioxabicyclo[4.3.0]nonan-3-one (239) (1.00g, 3.32 
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mmol) and freshly distilled crotonyl chloride (0.694g, 6.64 mmol, 2 eq) 
according to the procedure given in section 4.2.1 above. 
The crude product was subjected to flash column chromatography 
using hexane:ether (1:3) elution to afford (5S, 9S)-N-((E)-crotonyl)-4-aza- 
5,9:6, 1O-di-O-isopropylidene-2,8-dioxabicyclo[4.3. O]nonan-3-one (241) as a 
colourless foam (0.98g, 80%); 'H NMR (200 MHz, CDC13) 5 6.98 (1H, 
J=15.1, 7.0 Hz, =CHCH3), 6.35 (1H, dq, J=15.2, 1.5 Hz, CH=), 4.77 (1H, d, 
J=2.3 Hz, CH-O), 4.33 (2H, d, J=1.1 Hz, CH2-0), 4.27-4.24 (1H, m, CH), 
4.01 (2H, ABqd, J=13.8, 2.3, 1.5 Hz, Cfl20-C=O)  ppm; 13C NMR (50.3 
MHz, CDC13) 8 168.14 (C=O), 151.02 (C=O), 144.35 (CH=), 124.59 (CH=), 
115.77 (quat C), 108.20 (quat C), 100.16 (quat C), 97.95 (quat C), 73.56 
(CH), 71.99 (CH), 66.93 (CH2), 60.04 (CH2), 28.58 (CH3), 28.42 (CH3), 
27.81 (CH3), 18.27 (CH3), 18.06 (CH3) ppm; IR (nujol) -uma. 1745 (C0), 
1710 (C=O), 1640 (C=C), 770 cm -1 ; Accurate mass (FAB), Found: 
370.15017; C17H24N08 (M+H) requires: 370.15018. 
4.2.3 Preparation of (5S, 9S)-N-(Acryloyl)-4-aza-5,9:6,1 0-di-O- 
isopropylidene-2,8-dioxabicyclo[4.3. 0]nonan-3-one (240) 
This reaction was conducted according to the procedure reported by 
Evans 12 
To dry magnesium turnings (0.088gg, 3.56 mmol, 1.1 eq) at room 
temperature, under argon, was added sufficient methyl bromide solution 
to just cover the turnings (approximately 10 ml of 2M solution in ether). 
After the reaction had started (gentle warming was required), more 
methyl bromide was added at a rate sufficient to sustain the reaction. 
When all of the magnesium turnings had been consumed, the solution was 
cooled to 0 °C and a solution of (5S, 9S)-4-aza-5,9:6,10-di-0- 
237 
isopropylidene-2,8-dioxabicyclo[4.3.0]nonan-3-one (239) (1.00g, 3.32 
mmol) in THF (20 ml) was added via syringe. After stirring at 0 OC for 15 
minutes, the solution was cooled to -78 °C and a solution of freshly 
distilled acryloyl chloride (0.45g, 4.98 mmol, 1.5 eq) in THF (10 ml) was 
added. The reaction mixture was stirred at -78 OC for 5 minutes, then 
warmed to room temperature and stirred at this temperature for 15 
minutes, after which time t.l.c showed that the reaction was complete. 
The reaction was quenched with 1M sodium carbonate solution (10 
ml) and THF was removed in vacuo. The mixture was then extracted with 
ether (3 x 50 ml); the combined ether extracts were washed with water (3 
x 50 ml), dried (MgSO4) and evaporated. 
The resulting residue was subjected to flash column 
chromatography using hexane:ether (1:2) as elution solvent. This afforded 
(5R)-N-(acryloyl)-4-aza- 7,8:9, 1O-di-O -isopropylidene-2, 6-dioxa-5- 
spiro[4,5Jdecan-3-one (240) as a colourless solid (0.97g, 82%); 'H NMR 
(200 MHz, CDC13) 8 6.62 (1H, dd, J=16.8, 10.1 Hz, Cff=CH2),  6.36 (1H, 
dd, J=16.8,1.7 Hz, =CHH),  5.74 (1H, dd, J=10.1, 1.7 Hz, =CHff),  4.78 (1H, 
d, J=2.3 Hz, CH-O), 4.34 (2H, d, J=11.5 Hz, CH2-0), 4.29-4.26 (111, m, 
CH), 4.08-3.90 (2H, ABqd, J=13.8, 2.3, 1.6 Hz, CH20-C=O), 1.54 (3H, s, 
CH3), 1.41 (3H, s, CH3), 1.31 (3H, s, CH3), 1.28 (3H, s, CH3) ppm; 13C 
NAM (50.3 MHz, CDC13) 6 168.19 (C=O), 150.83 (C=O), 129.94 (CH=), 
129.32 (CH2=), 115.90 (quat C), 108.14 (quat C), 100.16 (quat C), 97.98 
(quat C), 73.60 (CH), 71.88 (CH), 67.03 (CH2), 60.03 (CH2), 28.53 (CH3), 
28.42 (CH3), 27.79 (CH3), 18.25 (CH3) ppm; IR (nujol) 'u ma. 1740 (C0), 
1710 (C=O), 1635 (C=C), 770 cm-1 ; Accurate mass (FAB), Found: 
355.12669; C16H2 1N08 (M) requires: 355.12670. 
4.3 Applications of Auxiliary (239) 
4.3.1 Asymmetric Lewis Acid Catalysed Diets-Alder Reactions 
4.3.1.1 	With (5S, 9S)-N-(Acryloyl)-4-aza-5,9:6, 10-di-O- 
isopropylidene-2,8-dioxabicycl o[4.3. O]nonan-3-one (240) 
To a solution of (5S, 9S)-N-(acryloyl)-4-aza-5,9:6,10-di-0-
isopropylidene-2,8-dioxabicyclo[4.3.0]noflafl-3-Ofle (240) (0.400g, 1.13 
mmol) in dry methylene chloride (30 ml), at -78 O(J,  under argon, was 
added freshly cracked cyclopentadiene (0.74g, 11.3 mmol, 10 eq), followed 
immediately by diethylaluminium chloride (0.88 ml of 1.8M solution, 1.58 
mmol, 1.4 eq) (a transient yellow colour was observed). 
The reaction mixture was stirred at -78 OC for 15 minutes and then 
quenched with saturated ammonium chloride solution (10 ml). The 
solution was allowed to warm up to room temperature, then poured onto a 
1:1 methylene chloride/water mixture and separated. The aqueous layer 
was extracted with methylene chloride (3 x 20 ml). The combined organic 
extracts were washed with water (10 ml), dried (MgSO4) and evaporated. 
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The resulting crude residue was subjected to flash column 
chromatography to remove excess cyclopentadiene. Elution with 
hexane:ether (5:1) afforded the Diels-Alder product as a viscous oil which 
crystallised on standing (0.35g, 74%). 
Examination of the 200 MHz 1H NMR spectrum of this product 
indicated that the endo:exo ratio was 373, and the endo diastereomeric 
excess was 82% (these ratios were determined by integration of the 
doublet of doublet signals in the range 5.50 - 6.50 ppm arising from the 
alkenic protons in the product). The major diastereomer was identified as 
(5S, 9S)-N-((3 'S, 4'S, 6'S)-bicyc1o[2.2. 11heptene-4 '-carbonyl)-4-aza- 
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5,9:6, 1O-di-O-isopropylidene-2 , 8-dioxabicyclo[4. 3. O]nonan-3-one (242); 1H 
NMR (200 MHz, CDC13) 8 6.17 (1H, dd, J=5.5, 3.0, C=CH), 5.86 (1H, dd, 
J-5.5, 2.8 Hz, CH_Cff),  4.76 (1H, d, J-2.2 Hz, CH-O), 4.35 (2H, ABq, 
J=13.8, 2.0Hz, OCff2CH),  4.02 (1H, dd, J=13.8, 1.0 Hz, OCH2Cfl), 3.96- 
3.88 (1H, m, CH-C=O), 3.10 (1H, br s, bridgehead CH), 2.88 (1H, br s, 
bridgehead CH), 2.04-1.92 (1H, symm m, CffH),  1.53 (3H, s, CH3), 1.48- 
1.28 (3H, m, CH2, CHU),  1.41 (3H, s, CH3), 1.40 (3H, s, CH3), 1.38 (3H, s, 
CH3) ppm; 13C  NMR (50.3 MHz, CDC13) 8  178.00 (C=O), 151.24 (C=O), 
137.37 (CH=), 131.67 (CH=), 115.58 (quat C), 108.14 (quat C), 100.23 
(quat C), 98.04 (quat C), 73.47 (CH), 72.33 (CH), 66.48 (CH2), 60.00 
(CH2), 49.73 (CH2), 46.88 (CH2), 45.29 (CH), 42.62 (CH), 30.95 (CH), 
28.84 (CH3), 28.56 (CH3), 27.79 (CH3), 18.55 (CH3) ppm; Accurate mass 
(FAB), Found: 422.18146; C21H28N08 (M+H) requires: 422.18147. 
4.3.1.2 	With (5S, 9S)-N-((E)-Crotonyl)-4-aza-5,9:6, 1O-di-O- 
isopropylidene-2,8-dioxabicyclof4.3.OJnonan-3-one (241) 
The Diels-Alder reaction between (5S, 9S)-N-((E)-crotonyl)-4-aza-
5,9:6, 10-di-O-isopropylidene-2,8-dioxabicyclo[4.3.O]nonan-3-one (241) 
(0.300g, 0.813 mmol) and cyclopentadiene (0.537g, 8.13 mmol, 10 eq) was 
conducted at -78 °C according to the procedure given in section 4.3.1.1 
above. 
The product obtained after flash column chromatography (0.31g, 
89%) was analysed by 360 MHz 'H NMR spectroscopy. This indicated 
that the endo:exo selectivity was 98:2 and that the endo diastereomeric 
excess was 94%. The major diastereomer was identified as (5S, 9S)-N-
((3'S, 4'S, 5R, 6'S)-5 '-met hylbi cyclo[2 .2. 1]heptene-4 '.carbonyl)-4-aza-
5,9:6, 1O-di-O-isopropylidene-2,8-dioxabicyclo[4.3. O]nonan-3 -one (243). 
This was recrystallised from hexane to afford colourless crystals; 'H 
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NMR (200 MHz, CDC13) & 6.25 (1H, dd, J=5.6, 3.1 Hz, Cli=CH), 5.79 (1H, 
dd, J=5.6, 2.7 Hz, CH=Cff),  4.71 (1H, d, J=2.1 Hz, CH-O), 4.33 (2H, s, 
CH2-0), 4.23 (1H, d, J=4.2 Hz, CH), 4.10-3.92 (2H, ABq, J=13.8, 2.1, 0.9 
Hz, OCff2CH),  3.39 (1H, dd, J=4.6, 3.4 Hz, CH-C=O), 3.01 (1H, br s, 
bridgehead CH), 2.45 (1H, br d, J=1.2 Hz, bridgehead CH), 1.95-1.85 (1H, 
m), 1.51 (3H, s, CR3), 1.40 (6H, s, 2CH3), 1.36 (3H, s, CH3), 1.15 (3H, d, 
J=7.0 Hz, Cli3CH)  ppm; Accurate mass (FAB), Found: 436.19711; 
C22H30N08 (M+H) requires: 436.19712. 
4.3.1.3 	Cleavage of (5S, 9S)-N-((3'S, 4'S, 6'S)- 
Bicyclo (2.2. 1jheptene-4 'carbon yl) -4-aza-5, 9:6,1 0-di-0- 
isopropylidene-2,8-dioxabicyclo[4. 3. O]nonan-3-one (242) 
To a solution of benzyl alcohol (0.077g, 0.711 mmol, 2 eq) in dry 
THF (2 ml), at -78 OC, under argon, was added n-butyl lithium (0.24 ml of 
1.6M solution, 0.391 mmol). After stirring for 10 minutes, a solution of 
(5S, 9S)-N-((3'S, 4'S, 6'S)-bicyclo[2.2. 1]heptene-4'-carbonyl)-4-aza-5,9:6, 10-
di-O-isopropylidene-2,8-dioxabicyclo[4.3.O]nonan-3-one (242) (0.15g, 0.355 
mmol) in THF (5 ml) was added dropwise via syringe. The solution was 
stirred at -78 °C for 10 minutes, then warmed to room temperature and 
stirred at this temperature for 10 minutes, after which time t.l.c. indicated 
that the reaction was complete. 
The reaction was quenched with saturated ammonium chloride 
solution (5 ml), and then THF was removed in vacuo. The mixture was 
poured onto a 1:1 ether/water mixture and separated. The aqueous layer 
was extracted with ether (3 x 20 ml). The combined ether extracts were 
washed with water (10 ml), dried (MgSO4) and evaporated. 
The resulting crude residue was subjected to flash column 
chromatography (50g silica). Elution with hexane:ether (5:1) (500 ml) 
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gave benzyl (3S, 4S, 6S)-bicyclo[2.2. 1]heptene-4-carboxylate (168) as a 
colourless viscous oil (0.079g, 97%); [aID22 = -1140 (c=0.41, CH202), 
(lit. 12 [a]D = -1290 (c=1.37, CHC13); the 200 MHz 1H NMR spectrum of 
this compound was identical to that obtained in section 2.3.1.5 
Further elution with hexane:ether (3:1) (500 ml) yielded benzyl 
alcohol. Finally, elution with pure ether (500 ml) gave an off-white solid, 
which was shown by 1H NMR to be the recovered auxiliary: (5S, 9S)-4-
aza-5,9:6, 1O-di-O-isopropylidene-2,8-dioxabicyclo[4. 3. O]nonan-3 -one (239) 
(0.101g, 93% recovery). 
4.3.2 Asymmetric Aldol Reaction 
To a solution of diisopropylamine (0.102g, 1.01 mmol) in dry THF (2 
ml), at 0 OC, under argon, was added n-butyl lithium (0.63 ml of 1.6M 
solution, 1.01 mmol). After 15 minutes, the solution was cooled to -78 O( 
and a solution of (5S, 9S)-N-(propionyl)-4-aza-5,9:6,10-di-0-
isopropylidene-2,8-dioxabicyclo[4.3.0]nonan-3-one (244) (0.328g, 0.919 
mmol) in T}{F (10 ml) was added dropwise via syringe. The reaction 
mixture was stirred at -78 °C for 30 minutes and then to the resulting 
lithium enolate solution was added, rapidly, a solution of freshly distilled 
benzaldehyde (0.146g, 1.38 mmol, 1.5 eq) in THF (5 ml). 
The reaction mixture was quenched after 2 minutes with saturated 
ammonium chloride solution (5 ml) and allowed to warm up to room 
temperature. THF was removed in vacuo and then the mixture was 
extracted with ether (3 x 20 ml). The combined ether layers were washed 
with water (10 ml), dried (MgSO4) and evaporated to yield a viscous gum. 
This was subjected to flash column chromatography (50g silica) using 
hexane:ether (1:1), then hexane:ether (1:2) as elution solvent to afford the 
aldol product as a colourless soild (0.38g, 88%). Examination of the 200 
242 
MHz 'H NMR of this product indicated that only two erythro 
dliastereomers (3J=2.3 Hz) had been formed in the ratio of 91:9 
(diastereomeric excess = 82%) (these ratios were determined by 
integration of the doublets in the range 4.70-5.00 ppm, arising from the 
PhCjOH protons). The major diastereomer was identified as (5S, 9S)-N- 
((2 'S, 3 'S)-3 '-hydroxy-2 '-methyl-3 '-phenylpropionyV-4-aza-5, 9:6, 1O-di-O- 
isopropylidene-2,8-dioxabicyclo[4.3. 0]nonan-3 -one (245); 'H NMR (360 
MHz, CDC13) ö 7.40-7.22 (5H, m, Ph), 5.12 (1H, dd, J=3.5, 1.7 Hz, 
PhCUOH), 4.88 (1H, d, J=2.3 Hz, CH-O), 4.42 (2H, ABq, J=11.5 Hz, CH2- 
0), 4.33 (1H, dd, J=3.7, 2.2 Hz, CH), 4.13-4.01 (2H, ABq, J=13.9, 2.2, 1.2 
Hz, OCff2CH), 3.68-3.64 (1H, syznm m, CkjCH3), 3.30 (1H, d, J=1.7 Hz, 
OH), 1.60 (3H, s, CH3), 1.47 (3H, s, CH3), 1.41 (6H, s, 2CH3), 1.06 (3H, d, 
J=6.9 Hz, CR3) ppm; 13C NMR (50.3 MHz, CDC13) 8 181.38 (C=O), 
150.73 (C=O), 140.26 (quat C), 128.06 (Ar CH), 127.16 (Ar quat C), 125.65 
(Ar CH), 116.20 (quat C), 108.08 (quat C), 100.23 (quat C), 98.60 (quat C), 
73.54 (CH), 72.88 (CH), 72.35 (CH), 66.82 (CR2), 59.98 (CR2), 47.74 (CH), 
28.64 (2CR3), 27.85 (CR3), 18.48 (CH3), 8.58 (CR3) ppm; Accurate mass 
(FAB), Found: 464.19202; C24R30N09 (M+H) requires: 464.19203. 
4.3.2.1 	Reductive Cleavage of (5S, 9S)-N-((2'S, 3'S)-3'-Hydroxy-2'- 
mefhyl-3'-phenylpropionyl)4-aza-5, 9:6, 10-di-0- 
isopropylidene-2,8-dioxabiCyClO[4.3. 0]nonan-3-one (245) 
(Using LiBH4 / H20) 
This reaction was conducted according to the method developed by 
Penning and co-workers 14 . 
To an ice-cooled solution of (5S, 9S)-N-((2'S, 3'S)-3'-hydroxy-2'- 
methyl-3'-phenylpropionyl)-4-aza-5 ,9:6, 10-di-O-isopropylidene-2,8- 
dioxabicyclo[4.3.0]nonan-3-one (245) (0.70g, 1.51 mmol) in dry THF (20 
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ml), under argon, was added water (30 p.1, 1.66 mmol, 1.1 eq) and solid 
sodium borohydride (0.036g, 1.66 mmOl). The reaction mixture was stirred 
at 0 OC  for 1.5 hours, after which time t.l.c. showed reaction to be 
complete. 
The reaction was quenched by dropwise addition of water (10 ml), 
followed by stirring until the solution turned clear (15 minutes). After 
removing THF in uacuo, the solution was poured onto a 1:1 ether/water 
mixture and separated. The aqueous layer was extracted with ether (3 x 
20 ml). The combined ether extracts were washed with water (10 ml), 
dried and evaporated to yield a clear, viscous oil. This was subjected to 
flash column chromatography (50g silica) using hexane:ether (1:1) as the 
elution solvent. The first fraction to be eluted was (iS, 2R)-i-phenyl-2-
methylpropane-1,3-diol (185) as a viscous oil which later solidified. This 
was recrystallised from a hexane/ether mixture to yield colourless crystals 
(flakes) (0.195g, 78%);Mp = 70-74 0C, (lit2 = 75-76 0C ); [oc]D25 = 5350 
(c=0.48, CHC13), (lit. = +57.8 0 (c=0.45, CHC13) for 1R, 2S isomer); the 
specrtoscopic data for this compond was identical to that obtained in 
section 2.3.4.1 
The second fraction to be eluted was a colourless solid (0.41g). This 
was identified by. 200 MHz 'H NMR and 13C NMR (DEPT) as recovered 
auxiliary (239). 
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5. Synthesis of Chiral Auxiliary from 
(4S)-2,2-Dimethyl-1 ,3-dioxolane-4-methanol (247), 
(Solketal) 
5.1 Preparation of (4S)-2,2-Dimethyl- 1,3-dioxolane-4-
methyichioroformate (248) 
A solution of (4S)-2 ,2-dimethyl- 1 ,3-dioxolane-4-methanol (solketal) 
(247) (5.27g, 39.9 mmol) and pyridine (3.15g, 39.9mmol) in dry ether (100 
ml), was added dropwise to a rapidly stirred solution of phosgene (59 ml of 
20% solution in toluene, 120mmol, 3 eq), at 0 °C, under argon. After 
addition was complete, the reaction mixture was warmed to room 
temperature and stirred at this temperature for 4 hours. 
The reaction mixture was filtered, the precipitate was washed 
thoroughly with ether and the filtrate evaporated to yield (4S)-2,2-
dimethyl- 1,3-dioxolane-4-methylchloroformate (248) as a pale yellow oil 
(7.08g, 91%). This was used immediately in the next stage without further 
purification; Bp = 80 oC/0.5 mmHg (from kugelrhor distillation); [a]D22 = 
+11.10 (c=5.0, EtOH); 111 NMR (200 MHz, CDC13) 6 4.78 (1H, m, CH-O), 
3.51-4.60 (411, m, 2CH2), 1.41 (3H, s, CH3), 1.34 (311, s, CH3) ppm; 13C 
NMR (50.3 MHz, CDC13) 5 150.59 (C=O), 110.14 (quat C), 72.56 (CH), 
70.96 (CH2), 65.70 (CH2), 26.42 (CH3), 25.05 (CH3) ppm; ER (thin film) 
0max 1785 (C=O) cm'. 
5.2 Preparation of (4S)-2,2-Dimethyl- 1,3-dioxolane-4-
methylazidoformate (249) 
A solution of sodium azide (4.72g. 72.8 mmol, 2 eq) and 
tetrabutylammonium bromide, TBAB, (0.2g) in water (50 ml) was added, 
in one go, to a rapidly stirred solution of (4S)-2,2-dimethyl-1,3-dioxolane- 
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4-methyichloroformate (248) (7.08g, 36.4mmol) in methylene chloride (50 
ml). The reaction mixture was stirred vigorously for 5 hours and then the 
two layers were separated. The aqueous layer was extracted with 
methylene chloride (3 x 50 ml), the combined organic extracts were 
washed with water (20 ml), dried (MgSO4) and evaporated to yield (4S)- 
2,2-dimethyl- 1, 3-dioxolane-4-methylazidoformate (249) as a pale orange 
oil (6.82g, 91%); Bp = 87 OCt02 nunHg (from kugeirhor distillation); 
[a]D23 = -1.650 (c=5.0, EtOR); 'H NMR (200 MHz, CDC13) 6 4.31 (3H, 
m), 4.05 (1H, m, CH), 3.77 (1H, m, CH), 1.40 (3R, s, CH3), 1.33 (3H, s, 
CH3) ppm; 13C NMR (50.3 MHz, CDC13) 8 156.25 (C=O), 108.81 (quat C), 
71.82 (CH), 67.00 (CR2), 64.79 (CR2), 25.39 (CH3), 24.01 (CR3) ppm; IR 
(thin film) 0max 2140 (N3), 1735 (C=O) cm -1 ; Accurate mass, Found: 
201.0752, C7H11N304 (Mt) requires: 201.0750. 
5.3 Flash Vacuum Pyrolysis of (4S)-2,2-Dimethyl-1,3-dioxolane-
4-methylazidoformate (249) 
(4S)-2 ,2-Dimethyl- 1 ,3-dioxolane-4-methylazidoformate (249) (5.23g, 
26.0 mmol) was subjected to flash vacuum pyrolysis (Inlet temperature = 
75 °C; Furnace temperature = 300 °C; Pressure = 0.01 mmHg). 
After completion of the reaction, a little of the pyrolysate was 
dissolved in CDC13 and analysed by 200 MHz 1H NMR and 13C NMR 
(DEPT) spectroscopy. This revealed that the oxazolidinone (250) and the 
oxazinone (251) had formed in the ratio of 4 :1 respectively. 
The rest of the crude product was dissolved from the trap with 
methylene chloride and the resulting solution evaporated. The residue 
obtained was subjected to flash column chromatography using 
hexane:ethyl acetate (4:1) as elution solvent. The first fraction to be eluted 
was (5R)-4-aza-6,5-0-isopropylidene-2-oxo-5-spiro[4,4]nonan-3-one (250) 
as a colourless solid (2.07g, 46%); Mp = 118-120 0C, MD 22 = +18.90 
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(c=5.1, EtOH); 'H NMR (200 MHz, CDC13) ö 7.75 (1H, br s, NH), 4.29 
(2H, ABq, J=10.0 Hz, CH2-OC=O), 3.97 (2H, ABq, J=9.7 Hz, CH2-0), 1.35 
(3H, s, Cl3), 1.26 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, CDC13) ö 
158.15 (C=O), 111.02 (quat C), 91.95 (quat C), 73.47 (CH2), 71.26 (CH2), 
26.14 (CH3), 25.69 (CH3) ppm; IR (KBr disc) uma,, 3250 (NH), 1770 
(C=O), 1740, 1721 cm -1 ; Elemental Analysis, Found: 48.6% C, 6.6% H, 
8.1% N; C7H11N04 requires: 48.6% C, 6.4% H, 8.1% N 
The second fraction eluted was (5S, 9S)-4-aza-5,9-0-isopropy1idene- 
2-oxabicyclo[4.3.01nonan-3-one (251) as a colourless solid (1.08g, 24%); Mp 
= 140-143 O, [a]D = +1950 (c=I.9, EtOH); 1H NMR (360MHz, CDC13) ö 
6.33 (brs, 1H, NH), 5.37 (1H, dd, J=6.3, 1.7 Hz, O-CH-N), 4.43 (1H, dd, 
J=2.4, 0.9 Hz, CH), 4.26 (2H, ABq, J=12.7, 1.7 Hz, CH2-0), 1.46 (3H, s, 
CH3), 1.34 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, CDC13) S 153.77 
(C=O), 110.93 (quat C), 80.77 (CH), 70.32 (CH), 65.57 (CH2), 27.24 (CH3), 
26.02 (CH3) ppm; IR (thin film) max 3280 (NH), 1730 (C=O) cm-1 ; 
Elemental analysis, Found: 48.3% , C, 6.6% H, 8.1% N; C7H11N04 
requires: 48.6% C, 6.4% H, 8.1% N. 
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6. Chiral Auxiliary from (iS, 2S, 3S, 5R)-2,6,6-
Trimethylbicyclo[3.1.1]heptan-3-ol (253), (3-Pinanol) 
6.1 Synthesis of Auxiliary (256) 
6.1.1 Preparation of (iS, 2S, 3S, 5R)-2,6,6- 
Trimethylbicyclo[3.1. 1]heptane-3-chloroformate (254) 
A solution of (15, 2S, 3S, 5R)-2 ,6 ,6-trimethylbicyclo[3.1. i]heptan-3-
ol (253) (50.0g, 0.32 mol) and pyridine (25.6g, 0.325 mol) in dry ether (200 
ml), was added dropwise to a rapidly stirred solution of phosgene (482 ml 
of 20% solution in toluene, 0.974 mol, 3 eq), at 0 O,  under argon. After 
addition was complete, the reaction mixture was warmed to room 
temperature and stirred at this temperature for 5 hours. 
The reaction mixture was filtered, the precipitate was washed 
thoroughly with ether and the filtrate evaporated to yield OS, 2S, 3S, 
5R)-2, 6, 6-trimethylbicyclo[3.1. 1]heptane-3-chloroformate (254) as a pale 
yellow oil (65.0g, 93%). This was used immediately for the next step 
without further purification; Bp = 60 OC/0.12 mmHg (from kugelrhor 
distillation); [a]D26 = 47•90 (c=5.3, CH202); 1H NMR (200 MHz, 
CDC13) 85.15-5.06 (1H, symm m, CH-O), 2.70-2.63 (1H, m, CH), 2.62-2.54 
(1H, m, CH), 2.45-2.19 (1H, m, CH), 2.00-1.80 (3H, m, CH2, CH), 1.22 
(3H, s, CH3), 1.43 (3H, d, J=7.4 Hz. CIICH), 0.91 (3H, s, CH3) ppm; 13C 
NMR (50.3 MHz, CDC13) 6 150.17 (C=O), 83.69 (CH), 47.25 (CH), 43.21 
(CH), 40.89 (CH), 38.03 (quat C), 35.02 (CH2), 33.07 (CH2), 27.08 (CH3), 
23.66 (CH3), 20.29 (CH3) ppm; IR (thin film) -omax 1780 (C0), 1170, 
1150 cm- 1 ; MS (ei) m/z 81 (61%), 93 (base), 95 (70), 121 (64), 136 (55), 216 
(4, M+); Accurate mass (FAB), Found: 216.09169; C11H17 35002 (M) 
requires: 216.09170. 
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6.1.2 Preparation of (iS, 2S, 3S, 5R)-2,6,6- 
Trimethylbicyclo[3.1.11heptane-3-azidoformate (255) 
A solution of sodium azide (38.4g, 0.591 mol, 2 eq) and 
tetrabutylammonium bromide, TBAB, (0.5g) in water (200 ml) was added, 
in one go, to a rapidly stirred solution of (iS, 2S, 3S, 5R)-2,6,6-
trimethylbicyclo[3.1. 1]heptane-3-chloroformate (254) (64.0g. 0.296 mol) in 
methylene chloride (200 ml). 
The reaction mixture was stirred vigorously overnight (16 hours) 
and then the two layers were separated. The aqueous layer was extracted 
with methylene chloride (3 x 100 ml), the combined organic extracts were 
washed with water (100 ml), dried (MgSO4) and evaporated to yield (iS, 
2S, 3S, 5R)-2,6,6-trimethylbicyclo[3. 1.1]heptane-3-azidoformate (255) as a 
pale orange oil (65.2g, 98%). This was used for the next stage without 
further purification; Bp = 60 °C/0.1 mmHg (from kugeirhor distillation), 
[a]D24 = +42.40 (c=5.00, EtOH); 1H NMR (200 MHz, CDC13) ö 5.07-4.97 
(1H, symm m, CH-O), 2.65-2.52 (1H, m, CH), 2.41-2.29 (1H, m, CH), 2.18-
2.10 (1H, m, CH), 1.95-1.89 (1H, m, CH), 1.88-1.70 (2H, m), 1.20 (3H, s, 
CH3), 1.10 (3H, d, J=7.4 Hz, CffCH),  1.03 (1H, d, J=10.OHz, CH), 0.92 
(3H, s, Cl3) ppm; 13C NMR (50.3 MHz, CDC13) 8 157.26 (C=O), 79.08 
(CH), 47.13 (CH), 43.16 (CH), 40.85 (CH), 38.00 (quat C), 35.21 (CH2), 
33.11 (CH2), 27.10 (CH3), 23.60 (CH3), 20.26 (CH3) ppm; JR (thin film) 
umax 2180-2120 (N3), 1745(d, C=O), 1240 cm -1 ; MS (ei) mlz 40 (base), 83 
(49%), 93 (56), 136 (20), no M; Elemental Analysis, Found: 59.1% C, 
7.81% H, 19.0% N; C11H17N302 requires: 59.1% C, 7.70% H, 18.8% N. 
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6.1.3 Flash Vacuum Pyrolysis of (IS, 2S, 3S, 5R)-2,6,6- 
Trimethylbicyclo[3.1.11heptane-3-azidofOrmate (255) 
(iS, 2S, 3S, 5R)-2,6 ,6-Trimethylbicyclo[3.1. 1]heptane-3-
azidoformate (255) (1.00g, 4.48 mmol) was subjected to flash vacuum 
pyrolysis (Inlet temperature = 60 OC; Furnace temperature = 300 OC; 
Pressure = 0.02 mmHg). 
After reaction, a little of the pyrolysate was dissolved in CDC13 and 
analysed by 200 MHz 1H NMR and 13C NMR (DEPT) spectroscopy. This 
revealed that the two oxazolidinones (256) and (257) had been formed in 
the ratio of 3:1 respectively. 
The rest of the crude product was dissolved from the trap with 
methylene chloride and the resulting solution evaporated. The resulting 
residue was subjected to flash column chromatography using a gradient of 
hexane/ether (from pure hexane to pure ether in 10% increments). This 
afforded (2R, 6S)-3-aza -2, 9,9-trimethyl-5-oxatricyclo[6. 1.1.02 6]decan-4- 
one (256) as a colourless solid (0.54g, 65%); Mp = 155.5-156.0 OC; [aID 24 
= -71.50 (c=3.36, CH202); 1H NMR (200 MHz, CDC13) 6 6.65 (1H, br s, 
NH), 4.47 (1H, dd, J=8.4,1.6 Hz, CH-O), 2.40-2.17 (2H, m), 2.02-1.90 (2H, 
m), 1.38 (3H, s, CH3), 1.29 (1H, d, J=11.1 Hz), 1.66.56 (3H, s, CH3) ppm; 
3C NMR (50.3 MHz, CDC13) 6 158.50 (C=O), 77.91 (CH), 61.22 (quat C), 
50.70 ((CH), 38.71 (CH), 38.31 (quat C), 34.00 (CR2), 28.22 (CE!3), 26.89 
(CH3), 26.61 (CH2), 24.02 (CR3) ppm; IR (nujol) -omax 3300 (NH), 1750, 
1715 (both C=O), 1115 cm -1 ; MS (ci) mlz 32 (37%), 39 (36), 41 (base), 42 
(71), 55 (59), 69 (38), 82 (72), 83 (53), no M+; Accurate mass (FAB), 
Found: 196.13373; C11H18NO2 (M+H) requires: 196.13374; see appendix 
B, structure 6 for X-ray crystal structure. 
The remaining isomer (257) could not be isolated cleanly 
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6.1.4 Spray Pyrolysis of (1S, 2S, 3S, 5R)-2,6,6- 
Trimethylbicyclo[3. 1. ljheptane-3-azidoformate (255) 
(iS, 2S) 3S, 5R)-2 ,6,6-Trimethylbicyclo[3.1. 1}heptane-3-
azidoformate (255) (37.0g, 0.166 mol) was subjected to spray pyrolysis 
(Injection rate = 1.0 mllmin; Furnace temperature = 300 OC; Pressure = 
0.1-0.5 mmHg). 
When all the sample had been injected, the crude pyrolysis product, 
which collected as a viscous, orange syrup, was triturated with a little 
ether and the resulting precipitate was filtered off and dried to yield (2R, 
6S)-3-aza-2,9,9-trimethyl-5-oxatricyclo[6. 1.1 .0 2'6]decan-4-one (256) as a 
off-white solid (15.3g, 48%); the specroscopic data for this compound was 
identical to that obtained in section 6.1.3 above. This product was used 
without further purification. 
6.2 Preparation of N-Acyl Derivatives of Auxiliary (256) 
6.2.1 Preparation of (2R, 6S) -N-(Propionyl)-3-aza-2,9,9-trimethyl-
5-oxatricyclo[6.1.1.0 2' 6]decan4-one (265) 
To 	a 	solution 	of 	(2R, 	6S)-3-aza-2,9,9-trimethyl-5- 
oxatricyclo[6.1.1.0 2 '6]decan-4-one (256) (10.0g, 51.3 mmol) in dry THF 
(100 ml), at -78 OC under argon, was added n-butyl lithium (35.3 ml of 
1.6M solution, 56.4 mmol) via syringe. After stirring for 30 minutes, a 
solution of freshly distilled propionyl chloride (7.12g, 76.9 mmol, 1.5eq) in 
THF (10 ml) was added dropwise via syringe. The reaction mixture was 
warmed to room temperature and stirred at this temperature for 30 
minutes, after which time t.l.c. showed that the reaction was complete. 
Excess acid chloride was hydrolysed by addition of aqueous 1M 
sodium carbonate solution (50 ml), followed by vigorous stirring for 15 
251 
minutes. THF was removed in vacuo and then the product extracted into 
ether (3 x 100 ml). The combined ether extracts were washed with water 
(50 ml), dried (MgSO4) and evaporated to yield an oil which solidified on 
standing. This was subjected to flash column chromatography (300g silica) 
using hexane:ether (3:1) elution to give (2R, 6S)-N-(propionyl)-3-aza-2,9,9- 
trimethyl-5-oxatricyclo[6. 1. 1.0 2'6]decan-4-one (265) as a colourless solid 
(10.8g, 84%). This was recrystallised from hexane to yield colourless 
crystals (7.45g); Mp = 101-102 °C (from hexane); [aID25 = -39.4 0 (c=2.07, 
CH202); 1H NMR (200 MHz, CDC13), 5 (1H, dd, J=8.9, 2.6 Hz, CH-O), 
2.93-2.81 (3H, m, CH2-C=O, CH), 2.50-2.63 (1H, m), 2.32-2.19 (1H, m), 
1.99-1.90 (2H, m), 1.60 (3H, s, CH3), 1.26 (3H, s, CH3), 1.07 (3H, t, J=7.3 
Hz, Cfl3CH2), 0.97 (1H, d, J=11.2 Hz, CH), 0.87 (3H, s, CH3) ppm; 
NMR (50.3 MHz, CDC13) 8 174.49 (C=O), 153.71 (C=O), 76.26 (CH), 67.36 
(quat C), 47.95 (CH), 38.63 (CH), 37.77 (quat C), 34.59 (CH2), 30.41 
(CH2), 27.15 (CH3, CH2), 25.38 (CH3), 24.06 (CH3), 8.26 (CH3) ppm; IR 
(nujol) umax  1770 (oxazolidinone C=O), 1700 (C=O) cm -1 ; MS (ei) m/z 32 
(63%), 41 (34), 57 (base), 109 (38), 251 (71, M); Accurate mass (ei), 
Found: 251.15213 (85%); C14H21NO3 (M) requires: 251.15213; 
Elemental analysis, Found: 67.0% C, 8.62% H, 5.62% N; C14H21NO3 
requires: 66.9% C, 8.37% H, 5.60% N 
Further elution of the column with pure ether yielded a colourless 
solid which was identified by 60 MHz 1H NMR as unreacted starting 
material (1.75g, 15% recovery). 
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6.2.2 Preparation of (2R, 6S,)-N-(Acryloyl)-3-aza-2,9,9-trimethyl-5-
oxatricyclo16.1.1.0 2 6Jdecan4-one (258) 
The title compound was prepared from (2R, 6S)-3-aza-2,9,9-
trimethyl-5-oxatricyclo[6. 1. 1.0 2 '6]decan-4-one (256) (0.500g, 2.56 mmol) 
and freshly distilled, acryloyl chloride (0.46g, 5.13 mmol, 2 eq) according to 
the procedure given in section 6.2.1 above. 
The crude product was subjected to flash column chromatography 
(bOg silica) using hexane:ether (3:1) as elution solvent to yield (2R, 6S)-
N-(acryloyl)-3-aza-2,9,9-trimethyl-5-oxatriCYClO[6. 1.1.02' 6]decan-4 -one 
(258) as a colourless solid (0.58g, 91%); Mp = 96-97 °C; [a]D25  = -52.20 
(c=2.18, CH202); 1H NMR (200 MHz, CDC13) 6 7.37 (1H, dd, J=16.9, 
10.4 Hz, Cff=CH2), 6.23 (1H, dd, J=16.9, 1.9 Hz, =CffH),  5.72 (111, dd, 
J=10.4, 1.9 Hz, =CHH),  4.47 (1H, dd, J=8.9, 2.7 Hz, CH-O), 2.85 (1H, t, 
J=5.9 Hz), 2.48-2.35 (1H, m,), 2.26-2.18 (1H, m), 2.08-1.87 (2H, m), 1.62 
(3H, s, CH3), 1.24 (3H, s, CH3), 0.98 (1H, d, J=11.2 Hz), 0.86 (3H, s, CH3) 
ppm; 13C NMR (50.3 MHz, CDC13) 6 165.15 (C=O), 153.34 (C=O), 129.94 
(CH2), 128.97 (CH), 76.39 (CH), 67.37 (quat C), 47.89 (CH), 38.60 (CH), 
37.68 (quat C), 34.37 (CH2), 27.06 (CH2, CH3), 25.23 (CH3), 23.91 (CH3) 
ppm; IR (nujol) umax  1780 (oxazolidinone C=O), 1685 (C=O), 1620 (C=C) 
cm-1; MS (ei) mlz 55(base), 69 (24), 83 (28), 107 (74), 119 (31), 134 (24), 
249 (33, M); Accurate mass (ei), Found: 249.13648 (85%); C14H19NO3 
requires: 249.13648. 
6.2.3 Preparation of (2R, 6S)-N- ((E)-Crotonyl)-3-aza-2,9,9-
trimethyl-5-oxatricyclo[6.1.1.0 2' 6]decan-4-one (259) 
This reaction was conducted with (2R, 6S)-3-aza-2,9,9-trimethyl-5-
oxatricyclo[6.1.1.0 2 '6]decan-4-one (256) (1.00g, 5.13 mmol) and freshly 
distilled crotonyl chloride (1.07g, 10.3 mmol, 2 eq) according to the 
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procedure given in section 6.2.1 above. The crude product was subjected to 
flash column chromatography (bOg silica) using hexane:ether (2:1) as 
elution solvent to yield (2R, 6S)-N-((E)-crotonyl-3-aza-2,9,9-trimethYl-5- 
oxatricyclo[6.1.1.0 2' 6]decan-4 -one (259) as a colourless solid (1.16g, 86%); 
MP = 106-107 °C; 1aID25 = -38.30 (c=2.05, CH202); 'H NMR (200 MHz, 
CDC13) ö 7.25-6.92 (2H, m, CH3-Cff=Cff-), 4.46 (1H, dd, J=8.9, 2.7 Hz, 
CH-O), 2.87 (1H, t, J=6.0 Hz), 2.50-2.36 (1H, m), 2.30-2.17 (1H, m), 1.99- 
1.82 (5H, m, 2CH, CH3), 1.63 (3H, s, CH3), 1.25 (3H, s, CH3), 1.00 (1H, d, 
J=11.1 Hz), 0.87 (311, s, CH3) ppm; 13C NMR (50.3 MHz, CDC13) 
165.43 (C=O), 153.63 (C=O), 145.21 (CH), 123.41 (CH), 76.35 (CH), 67.50 
(quat C), 48.05 (CH), 38.68 (CH), 37.77 (quat C), 34.55 (CH2), 27.23 
(CH2), 27.15 (CR3), 25.49 (CH3), 24.05 (CH3), 18.23 (CH3) ppm; JR 
(nujol) Umax 1775 (oxazolidinone C=O), 1680 (C=O), 1635 (C=C) cm -1 ; MS 
(ei) mlz 39 (36%), 41 (100), 69 (base), 121 (27), 263 (10, M); Accurate 
mass (ci), Found: 263.15213 (84%); C15H21NO3 requires: 263.15213. 
6.2.4 Preparation of (2R, 6S) -N-((E)-Cinnamoyl-3-aza-2, 9,9-
trimethyl-5-oxatricyclo[6. 1.1.02, 6]decan4-one (260) 
This reaction was conducted with (2R, 6S)-3-aza-2,9,9-trimethyl-5-
oxatricyclo[6.1.1.0 2 '6]decan-4-one (256) (1.00g, 5.13 mmol) and cinnamoyl 
chloride (1.71g, 10.3 mmol, 2 eq) according to the procedure given in 
section 6.2.1 above. The crude product was subjected to flash column 
chromatography (bOg silica) using hexane:ether (2:1) as elution solvent 
to yield (2R, 6S)-N-((E)-cinnamoyl)-3-aza-2, 9,9-trimethyl-5- 
oxatricyclo[6.1.1.02'6]decan-4 -one (260) as a colourless solid (1.46g, 87%); 
Mp = 99-100 OC (from ethanol); 1aID25 = +19.20 (c=2.21, CH202); 1H 
NMR (200 MHz, CDC13) 5 7.91 (1H, d, J=15.7 Hz, Cfl=CH), 7.72 (111, d, 
J=15.7 Hz, CH=Cjj), 7.59-7.54 (2H, m, ortho-Ph), 7.38-7.25 (311, m, 
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meta+para Ph), 4.52 (1H, dd, J=8.9, 2.7 Hz, CH-O), 2.97 (1H, t, J=5.1 Hz), 
2.50-2.36 (1H, m), 2.30-2.17 (1H, m), 2.12-1.95 (2H, m), 1.70 (3H, s, CH3), 
1.29 (3H, s, CH3), 1.07 (1H, d, J=11.1 Hz), 0.91 (3H, s, Cl3) ppm; 13C 
NMR (50.3 MHz, CDC13) 8 165.55 (C=O), 153.70 (C=O), 145.04 (CH=), 
134.54 (Ar quat C), 130.17 (Ar CH), 128.60 (Ar CH), 128.26 (Ar CH), 
118.73 (CH=), 76.29 (CH), 67.67 (quat C), 48.01 (CH), 38.64 (CH), 37.76 
(quat C), 34.52 (CH2), 27.23 (CH2), 27.13 (CH3), 25.47 (CH3), 24.04 
(CH3) ppm; IR (nujol) Dm  1755 (oxazolidinone C=O), 1680 (C=O), 1620 
(C=C) cm-1 ; MS (ei) mlz 41 (23%), 77 (43), 103 (83), 131 (base), 325 (7, 
M); Accurate mass (ci) Found: 325.16778 (80%), C20H23NO3 requires: 
325.16778; Elemental analysis Found: 73.6% C, 7.03% H, 4.32% N, 
C20H23NO3 requires: 73.8% C, 7.08% H, 4.31% N. 
6.3 Applications of Auxiliary (256) 
6.3.1 Asymmetric Lewis Acid Catalysed Diels-Alder reactions 
6.3.1.1 	With (2R, 6S)-N-(Acryloyl)-3-aza-2, 9, 9-trimethyl-5- 
oxatricyclof6. 1. 1.02' 6Jdecan-4-one (258) 
To a solution of (2R, 6S)-N-(acryloyl)-3-aza-2,9,9-trimethyl-5-
oxatricyclo[6.1.1.02 '6]decan-4-one (258) (0.200g, 0.804 mmol) in dry 
methylene chloride (30 ml), at -78 °C, under argon, was added freshly 
cracked cyclopentadiene (0.54g, 8.04 mmol, 10 eq), followed immediately 
by diethylaluminium chloride (0.62 ml of 1.8M solution, 1.12 mmol, 1.4 
eq) (a transient yellow colour was observed). 
The reaction mixture was stirred at -78 O(  for 15 minutes and then 
quenched with saturated ammonium chloride solution (10 ml). The 
solution was allowed to warm to room temperature, then poured onto 1:1 
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methylene chloride/water mixture and separated. The aqueous layer was 
extracted with methylene chloride (3 x 20 ml). The combined organic 
extracts were washed with water (10 ml), dried (MgSO4) and evaporated 
to yield a thick gum. This was subjected to flash column chromatography 
(80g silica) to remove excess cyclopentadiene. Elution with hexane:ether 
(7:1) gave the Diels-Alder product (261) as an oil which later crystallised 
on standing (0.231g, 92%). 
The 200 MHz 1H NMR of this product indicated that the endo:exo 
selectivity was 93:7 and that the endo diastereomeric excess was 25% 
(these ratios were obtained by integration of the doublet of doublets at 
5.50-6.50 ppm). 
6.3.1.2 	With (2R, 6S)-N-((E)-Crotonyl)-3-aza-2, 9, 9-trimethyl-5- 
oxatricyclof6. 1.1. oZ 6Jdecan-4-one (259) 
The Diels-Alder reaction between (2R, 6S)-N-((E)-crotonyl)-3-aza-
2,9,9-trimethyl-5-oxatricyclo[6. 1. 1.0 2 '6]decan-4-one (259) (0.200g, 0.760 
nunol) and cyclopentadiene (10 eq) was conducted according to the 
procedure given in section 6.3.1.1. 
The crude product was subjected to flash column chromatography 
(80g silica) using hexane:ether (5:1) elution to yield the Diels-Alder 
product (262) an oil which later crystallised in standing (0.251g, 100%). 
The 200 MHz 1H NMR of this product indicated that the endo:exo 
selectivity was 97:3 and that the endo diastereomeric excess was 33%. 
	
6.3.1.3 	With (2R, 6S)-N-((E)-Cinnamoyl)-3-aza-2, 9, 9-trimethyl-5- 
oxatricyclo[6. 1.1.02' 6jdecan-4-one(260) 
The Diels-Alder reaction between (2R, 6S)-N-((E)-cinnamoyl)-3-aza-
2,9,9-trimethyl-5-oxatricyclo[6. 1. 1.02 '6]decan-4-one (260) (0.200g, 0.615 
mmol) and cyclopentadiene (0.41g, 10 eq) was conducted as in section 
6.3.1.1 above. After the addition of the diethylaluniinium chloride 
catalyst, the reaction mixture was warmed to -20 OC (carbon 
tetrachloride/dry ice) and stirred at this temperature for 20 minutes. 
Work up was then continued as in section 6.3.1.1 above. 
The crude product was subjected to flash column chromatography 
(80g silica) using hexane:ether (3:1) elution to yield the Diels-Alder 
product (263) as an oil which later crystallised in standing (0.229g, 96%). 
The 200 MHz 1H NMR of this product indicated that the endo:exo 
selectivity was 95:5 and that the endo diastereomeric excess was 32%. 
6.3.1.4 	Cleavage of Acrylate/Cyclopentadiene Adduct Mixture 
(261) 
To a solution of benzyl alcohol (0.148g, 1.37 mmol, 2 eq) in dry T}IF 
(5 ml), at -78 °C, under argon, was added n-butyl lithium (0.47 ml of 1.6M 
solution, 0.751 mmol). After stirring for 15 minutes, the Diels-Alder 
adduct mixture (261) (0.215g, 0.683 mmol) in THF (10 ml) was added 
dropwise via syringe. The solution was stirred at -78 OC for 10 minutes, 
after which time t.l.c. indicated that the reaction was complete. 
The reaction was quenched with saturated ammonium chloride 
solution (10 ml), and then THF was removed in vacuo. The mixture was 
then poured onto a 1:1 ether/water mixture and separated. The aqueous 
layer was extracted with ether (3 x 20 ml). The combined ether extracts 
were washed with water (10 ml), dried (MgSO4) and evaporated. 
257 
The resulting crude residue was subjected to flash column 
chromatography (50g silica). Elution with hexane:ether (5:1) (500 ml) 
gave benzyl bicyclo[2.2. lJheptene-4-carboxylate (264)as a clear viscous oil 
(0.149g, 96%). 
The 200 MHz 1H NMR spectrum of this product was identical to 
that in section 2.3.1.5; [a]D24 = -40 0 (c=0.52, CH202), (lit. 12  [(XID = - 1290 
(c=1.37, CHC13)) 
Further elution with hexane:ether (3:1) (500 ml) yielded benzyl 
alcohol. Continued elution with pure ether (500 ml) gave an off-white 
solid which was shown by 1H NAM to be recovered auxiliary (256) 
(0.109g, 82% recovery); the spectroscopic data was identical to that in 
section 6.1.3. 
6.3.2 Asymmetric Aldot Reactions 
6.3.2.1 	Lithium Enolate Mediated 
To a solution of diisopropylamine (0.221g, 2.19 mmol)) in dry THF 
(5 ml), at 0 oC, under argon, was added n-butyl lithium (1.37 ml of 1.6M 
solution, 2.19 mmol). After 15 minutes, the solution was cooled to -78 OC 
and (2R, 6S)-N-(propionyl)-3-aza-2,9,9-trimethyl-5-
oxatricyclo[6.1.1.0 2 '6]decan-4-one (0.500g, 1.99 mmol) (265) in THF (10 
ml) was added dropwise via syringe. The reaction mixture was stirred at - 
78 °C for 30 minutes and then to the resulting lithium enolate solution 
was added, rapidly, a solution of freshly distilled benzaldehyde (0.211g, 
1.99 mmol) in THF (5 ml). 
The reaction mixture was quenched after 2 minutes with saturated 
ammonium chloride solution (10 ml) and allowed to warm up to room 
temperature. THF was removed in vacuo and then the mixture was 
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extracted with ether (3 x 20 ml). The combined ether layers were washed 
with water (10 ml), dried (MgSO4) and evaporated. 
The residue was subjected to flash column chromatography using 
hexane:ether (1:1) elution. The first fraction to be eluted was found to be 
unreacted starting material (265) (0.08g, 40% recovery). The second 
fraction to be eluted was the aldol product (266) (0.159g, 56%). 
Examination of the 200 MHz 111 NMR of this product indicated 
that only two erythro diastereomers( 3J=3.9 & 4.5 Hz) had formed in the 
ratio of 53:47 (diastereomeric excess = 6%) (these ratios were determined 
by integration of the doublets in the range 4.80-5.20 ppm, arising from the 
PhCliOH protons). 
6.3.2.2 	Boron Enolate Mediated 
This reaction was conducted according to the method reported by 
Evans81 
To a solution of (2R, 6S)-N(propionyl)-3-aza-2,9,9-trimethyl-5-
oxatricyclo[6. 1. 1.0 2 '6]decan-4-one (265) (0.200g, 0.797mmo1) in dry 
methylene chloride (10 ml), at 0 O,  under argon, was added dibutylboron 
triflate (from Aldrich) (0.88 ml, of 1.OM solution in methylene chloride, 
0.88 mmol), followed by dry diisopropylethyl amine (0.110g, 0.88 mmol). 
The reaction mixture was stirred at 0 °C for 30 minutes, then cooled to -78 
0C and freshly distilled benzaldehyde (0.17g, 1.6 mmol, 2 eq) in methylene 
chloride (2 ml) was added. The reaction mixture was stirred at -78 O(  for 
30 minutes, then warmed to room temperature and stirred at this 
temperature for 1.5 hours. 
The reaction was quenched with pH7 phosphate buffer (10 ml) and 
then the solution was poured onto a 1:1 mixture of methylene 
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chloride/water and separated. The aqueous layer was extracted with ether 
(3 x 20 ml). The combined organic extracts were washed with brine (20 
ml) and evaporated. The residue was dissolved in methanol and the 
resulting solution cooled to 0 °C. This was treated dropwise with 30% 
hydrogen peroxide solution (3 ml) and then stirred vigorously for 30 
minutes. Methanol was evaporated in vacuo and then the solution was 
extracted with ether (4 x 20 ml). The combined ether extracts were 
washed with water (10 ml), dried (MgSO4) and evaporated. The residue 
was subjected to flash column chromatography using hexane:ether (1:1) 
elution. The first fraction to be eluted was unreacted starting material 
(265) (0.06g, 30%). The second fraction to be eluted was the aldol product 
(0.159g, 56%). Examination of the 200 MHz 1H NMR of this product 
indicated that two erythro diastereomers had formed in the ratio of 61:39 
(diastereomeric excess = 22%). 
6.3.2.3 	Titatnium Enolate Mediated 
This reaction was conducted according to the method of Thornton 9 4 
To a solution of (2R, 6S))-N-(propionyl)-3-aza-2 ,9,9-trimethyl-5- 
oxatricyclo[6.1.1.0 2 '6]decan-4-one (265) (0.200g, 0.797 mmol) in dry 
methylene chloride (10 ml) at -78 OC, under argon, was added dry 
titanium tetrachloride (0.10 ml, 0.876 mmol, 1.1 eq) via syringe (at this 
stage the solution turned yellow in colour), followed by diisopropylamine 
(0.120g, 0.956 mmol) in methylene chloride (2 ml) (at this stage the 
solution turned deep red in colour). The reaction mixture was stirred at - 
78 OC  for 1 hour, then a solution of freshly distilled benzaldehyde (0.10g, 
0.956 mmol) was added (at this stage the solution turned dark brown in 
colour). The reaction mixture was stirred at -78 °C for 3 hours and then 
quenched with saturated ammonium chloride solution (5 ml). After 
warming to room temperature, the solution was poured onto a 1:1 
methylene chloride/water mixture and separated. The aqueous layer was 
extracted with methylene chloride (3 x 20 ml). The combined organic 
extracts were washed with water (10 ml), dried (MgSO4) and evaporated 
to yield a milky white oil (0.310g). This was subjected to flash column 
chromatography (50g silica) using hexane:ether (3:1) as elution solvent 
(500 ml). The first fraction to be eluted was a colourless solid which was 
shown by 60 MHz 'H NMR to be unreacted stai'.ting material (265) 
(0.074g, 37% recovery). 
The second fraction to be eluted was the aldol product as a foam 
(0.147g, 52%). Examination of the 200 MHz -H NMR of this product 
indicated that only two erythro diastereomers had formed in the ratio of 
51:49 (cliastereomeric excess = 2%). 
6.3.3 Resolution of Racemic Acid Halides 
6.3.3.1 	Resolution of Racemic (±)2-BromopropionyI Bromide 
To a solution of (2R, 6S)-3-aza-2,9,9-trimethyl-5-
oxatricyclo[6.1.1.0 2 '6]decan-4-one (256) (0.500g, 2.56 mmol) in dry THF 
(30 ml), at -78 OC, under argon, was added n-butyl lithium (1.76 ml of 
1.6M solution, 2.82 mmol) via syringe. After stirring for 30 minutes, a 
solution of freshly distilled (±)-2-bromopropionyl bromide (0.831g, 3.85 
mmol, 1.5 eq) in THF (5 ml) was next added dropwise via syringe. The 
reaction mixture was warmed to room temperature and stirred at this 
temperature for 30 minutes, after which time t.l.c. showed the reaction to 
be complete. 
Excess acid chloride was hydrolysed by addition of aqueous 1M 
sodium carbonate solution (10 ml), followed by vigorous stirring for 15 
minutes. THF was removed in vacuo and then the mixture was extracted 
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with ether (3 x 50 ml). The combined ether extracts were washed with 
water (20 ml), dried (MgSO4) and evaporated to give a mixture of the 
diastereomeric bromo-imides (267) as a yellow gum . HPLC analysis of 
this gum furnished a separability factor, a, of 1.6 (5 gm spherisorb silica 
column, elution solvent = hexane:ether (9:1), flow rate = 3.0 ml/min). 
The remainder of the crude product was subjected to flash column 
chromatography using hexane:ether (6:1) elution. The first fraction to be 
eluted was (2R, 6S,)-N-((2S ')-bromopropionyl)-3-aza-2,9,9-trimethYl-5-
oxatricyclo[6.1.1.02'6]decan-4-one (267a) as an oil which crystallised on 
standing (0.29g, 34%). This was recrystallised from hexane to give 
colourless crystals; Mp = 88-91 °C (from hexane); [a]D24 = -48.2 0 (c=0.74, 
CH202); 1H NMR (200 MHz, CDC13) 8 5.82 (111, q, J=6.7 Hz, CH-Br), 
4.52 (1H, dd, J=8.7, 2.3 Hz, CH-O), 2.91 (1H, dd, J=6.1, 1.0 Hz), 2.52-2.23 
(2H, dm), 2.05-1.94 (2H, m), 1.76 (3H, d, J=6.7 Hz, Cff3CH-Br), 1.62 (3H, 
s, CH3), 1.29 (3H, s, CH3), 1.02 (1H, d, J=11.2 Hz), 0.90 (3H, s, CH3) ppm; 
IR (thin film) Umax 1780 (oxazolidinone C=O), 1710 (C=O), 1360, 1290, 
760 cm- ; MS (ei) m/z 41 (90%), 55 (66), 56 (72), 69 (base), 81 (59), 83 (99), 
91(61), 96 (58), 119 (59), 329(3, 79Br M); Accurate mass (FAB), Found: 
330.07055; C14H2 1 79BrNO3 (M+H) requires: 330.07054. 
The second fraction to be eluted was (2R, 6S)-N-((2R)- 
bromopropionyl)-3-aza-2,9, 9-trimethyl-5-oxatricyclo[6. 1.1.02 6]decan-4 -one 
(267b) as a colourless oil (0.22g, 26%); Bp = 100-110 oC/0.03 mmHg (from 
Kugeirhor distillation); [a]D24 = -22.1 0 (c= 0.71, CH202); 1H NMR (200 
MHz, CDC13) 8 5.79 (1H, q, J=6.7 Hz, CH-Br), 4.49 (1H, dd, J=9.0, 2.9 Hz, 
CH-O), 2.79 (1H, t, J=6.1 Hz), 2.46-2.25 (2H, dm), 1.99-1.90 (2H, m), 1.71 
(3H, d, J=6.7 Hz, Cff3CH-Br), 1.62 (3H, s, CH3), 1.26 (3H, s, CH3), 1.19 
(1H, d, J-11.4 Hz), 0.87 (3H, s, CH3), IR (thin film) UmaJc 1170 
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(oxazolidinone C=O), 1705 (C=O), 1360, 1290, 760 cm'; Accurate mass 
(ci), Found: 331.06843 (Mt, 42%); C14H20 81BrNO3 requires: 331.06845. 
6.3.3.2 	Oxidative Cleavage of (2R, 6S,)-N-((2S)-Bromopropionyl)-3- 
aza-2, 9, 9-trimethyl-5-oxatricyclof6. 1.1.02, 61decan-4-one 
(267a) (Using L100H) 
This reaction was conducted according to the procedure' developed 
by Evans 13 . 
To an ice cooled solution of (2R, 6S,)-N-((2S')-bromopropionyl)-3-
aza-2,9,9-trimethyl-5-oxatricyclo[6. 1.1 .0 2 '6]decan-4-one (267a) (0.578g, 
1.75 mmol) in a THF:water (3:1) mixture (36 ml), was added 30% 
hydrogen peroxide solution (4 ml) via syringe, followed by solid lithium 
hydroxide-monohydrate (0.081g, 1.93 mmol). The resulting mixture was 
stirred at 0 OC for 30 minutes, after which time t.Lc. showed the reaction 
to be complete. 
Excess peroxide was quenched with 1.5M aqueous sodium sulphite 
(5 ml) and the resulting solution was made alkaline (pH 9) with aqueous 
sodium hydrogen carbonate solution. THF was removed in vacuo and then 
the residue was extracted with methylene chloride (3 x 20 ml). 
Evaporation of the extract afforded a colourless foam which was found by 
1H NMR to be the recovered auxiliary: (2R, 6S,)-3-aza-2,9,9-trimethyl-5-
oxatricyclo[6. 1. 1.0 2 '6]decan-4-one (256) (0.32g, 93% recovery). 
The aqueous layer was then acidified (pH 3) by dropwise addition of 
concentrated hydrochloric acid, and then extracted with ethyl acetate (3 x 
30 ml) to yield, after evaporation, (2S)-bromopropionic acid (269a) (0.129g, 
54%); Bp = 100 oct10 mmHg (from kugelrhor distillation); [a]D =-26.9 0  
(c=1.44, cH30H), (lit. 107 [(XID = 27.60 (dH30H)). 
6.3.3.3 	Resolution of Racemic (±)-2-Chloropropionyl Chloride 
Racemic (±)-2-chloropropionyl chloride was resolved according to 
the procedure given in section 6.3.3.1 above. HPLC analysis of the crude 
diastereomeric chioro-imides (268) afforded a separability factor, a, of 1.5 
(5 gm spherisorb silica column, elution solvent = hexane: ether (9:1), flow 
rate = 3.0 ml/min). 
The remainder of the crude product was subjected to flash column 
chromatography using hexane:ether (7:1) elution. The first fraction to be 
eluted was (2R, 6S)-N-((2S ')-chloropropionyl)-3-aza-2,9, 9-trimethyl-5-
oxatricyclo[6. 1.1. 02' 6]decan-4 -one as an oil which crystallised on standing. 
This was recrystallised from hexane to furnish colourless crystals (0.71g, 
24%); Mp = 96-97 °C (from hexane); [aID24 = -60.6 0 (c=1.36, CH202); 1H 
NMR (200 MHz, CDCI3) 6 5.76 (1H, q, J=6.7 Hz, CH-Cl), 4.53 (1H, dd, 
J=8.8, 2.4 Hz, CH-O), 2.88 (1H, dd, J=6.1, 1.1 Hz), 2.54-2.39 (1H, m), 2.35- 
2.23 (111, m), 2.04-1.94 (2H, m), 1.64 (3H, s, CH3), 1.61 (3H, d, J=6.7 Hz, 
Cff3CH-Cl), 0.99 (1H, d, J=11.1 Hz), 0.89 (3H, s, CH3) ppm; 13C NAM 
(50.3 MHz, CDC13) 6 169.33 (C=O), 152.56 (CH), 75.58 (CH), 67.55 (quat 
C), 51.25 (CH), 47.25 (CH), 38.47 (CH), 37.79 (quat C), 34.35 (CH2), 27.09 
(CH2), 26.94 (CH3), 25.10 (CH3), 23.91 (CH3), 19.76 (CH3) ppm; 1R (thin 
film) umax 1770 (oxazolidinone C=O), 1710 (C=O), 1450, 1360, 1290, 1110, 
760 cm-1 ; MS (ei) m/z 43(base), 58 (30%), 69 (26), 83 (25), 92 (24), 108 
(22), 119 (24), 178 (22), 285 (7, 35Cl M), 287 (3, 37Cl M); Accurate 
mass (ei) Found: 285.11315; C14H20 35C1NO3 requires: 285.11315. 
The second fraction eluted was (2R, 6S)-N-((2R')-chloropropiony1)-
3-aza-2, 9,9-trimethyl-5-oxatricyclo[6. 1.1. OZ 6]decan-4 -one as a colourless, 
viscous oil (0.84g, 29%); Bp = 184 OC/0.2 mmHg; 1H NMR (200 MHz, 
CDC13) 6 5.74 (1H, q, J=6.6 Hz, CH-Cl), 4.23 (1H, dd, J=9.0, 2.9 Hz, CH- 
0), 2.82 (1H, dd, J=6.1, 1.1 Hz), 2.55-2.41 (1H, m), 2.37-2.24 (1H, m), 2.02- 
1.92 (2H, m), 1.64 (311, s, CH3), 1.60 (3H, d, J=6.7 Hz, Cff3CH-C1), 1.29 
(3H, s, CH3), 1.15 (1H, d, J=11.3 Hz), 0.90 (3H, s, CH3) ppm; JR (thin 
film) -Umax 1170 (oxazolidinone C=O), 1710 (C=O), 1290, 915, 730 cm-1 ; 
MS (ei) mlz 41 (base), 63 (66%), 83 (64), 108 (71), 134 (69), 285 (23, 35C1 
M, 287 (7, 37C1 M); Accurate mass (ei), Found: 285.1136; 
C14H2035C1NO3 requires: 285.11315. 
7. Synthesis of Chiral Auxiliary from (iS, 2R)-6,6- 
Dimethylbicyclo[3.1 .1]heptane-2-methanol (270), 
(cis-Myrtanol) 
7.1 Preparation of (iS, 2R)6,6-Dimethylbicyc1o[3.1.1]heptafle-2-
methyichioroformate (271) 
A solution of (iS, 2R)-6 ,6-dimethylbicyclo[3.1. i]heptane-2-methanol 
(270) (4.91g, 31.9 mmol) and pyridine (2.52g, 31.9 minol) in dry ether (50 
ml), was added dropwise to a rapidly stirred solution of phosgene (47.4 in! 
of 20% solution in toluene, 95.6mmol, 3 eq), at 0 O(J,  under argon. After 
addition was complete, the reaction mixture was warmed to room 
temperature and stirred at this temperature overnight (20 hours). 
The reaction mixture was filtered, the precipitate was washed 
thoroughly with ether and the filtrate evaporated to yield US, 2R)-6,6-
dimethylbicyclo[3. 1. lJheptan-2-methylchloroformate (271) as a pale yellow 
oil (6.89g, 100%). This was used immediately for the next stage without 
further purification; Bp = 80 OC/0.02 mmHg (from kugelrhor distillation), 
[a]D22 = -12.00 (c=5.00, EtOH); 1H NAM (200 MHz, CDC13) ö 4.18 (2H, 
dd, J=8.1, 1.8 Hz, CH20), 2.43-2.20 (2H, m), 1.90-1.81 (5H, m), 1.54-1.34 
(iH, m, CH), 1.18 (3H, s, CH3), 0.99 (3H, s, CH3), 0.90 (1H, d, J=9.7 Hz, 
CH) ppm; 13C NMR (50.3 MHz, CDC13) ö 150.21 (C=O), 76.56 (CH2), 
42.61 (CH), 41.01 (CH), 39.81 (CH), 38.41 (quat C), 32.48 (CH2), 27.34 
(CH3), 25.68 (CH2), 22.91 (CH3), 18.18 (CH2) ppm; IR (thin film) -umax  
1780 (C=O), 1470, 1160 cm -1 ; Accurate mass (FAB), Found: 217.09953; 
C1 1H1835C102 (M+H) requires: 217.09954. 
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7.2 Preparation of (IS, 2R).6,6Dimethy1biCyC1O[3.1.i]hePtafle-2-
methylazidoformate (272) 
A solution of sodium azide (2.40g, 36.9mmol, 2 eq) and 
tetrabutylammonium bromide, TBAB, (0.2g) in water (50 ml) was added, 
in one go, to a rapidly stirred solution of (iS, 2R)-6,6-
dimethylbicyclo[3.1. 1]heptane-2-methylchloroformate (271) (3.99g, 18.4 
mmol) in methylene chloride (50 ml). 
The reaction mixture was stirred vigorously overnight (16 hours) 
and then the two layers were separated. The aqueous layer was extracted 
with methylene chloride (3 x 30 ml), the combined organic extracts were 
washed with water (30 ml), dried (MgSO4) and evaporated to yield OS, 
2R)-6, 6-dimet hyl bicyclo[3. 1. 1]heptane-2-methylazidoformate (272) as a 
pale yellow oil (4.10g, 100%). This was used in the next stage without 
further purification; Bp = 78 OC/0.05 mmHg (from kugeirhor distillation); 
[a]D22 = -13.50 (c=4.94, EtOH); 1 H NMR (200 MHz, CDC13) 6 4.14 (2H, 
dd, J=8.0, 1.8 Hz, CH20), 2.45-2.29 (2H, m,), 1.96-1.84 (5H, m), 1.50-1.39 
(1H, m, CH) 1.16 (3H, s, CH3), 0.97 (3H, s, CH3), 0.91 (1H, d, J=9.8 Hz, 
CH) ppm; 13C NMR (50.3 MHz, CDC13) 6 157.43 (C=O), 72.68 (CH2), 
42.64 (CH), 41.07 (CH), 39.92 (CH), 38.36 (quat C), 32.65 (CH2), 27.63 
(CH3), 25.57 (CH2), 23.00 (CH3), 18.14 (CH2) ppm; IR (thin film)'u max  
2160 (N3), 1750 (d, C=O), 1240, 760 cm - 1 ; MS (ei) m/z 41 (base), 67 (61%), 
54 (69), 81 (50), 82 (54), 93 (64), 121 (32), 137 (4, M - O-C(CO)-N3 
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7.3 Flash Vacuum Pyrolysis of (iS, 2R)-6,6- 
Dimethylbicyclo[3. 1. i]heptane-2-methylazidoformate (272) 
(iS, 2R)-6 ,6-Dimethylbicyclo[3.1. 1]heptane-2-methylazidoformate 
(272) (0.500g, 2.24 mmol) was subjected to flash vacuum pyrolysis (Inlet 
temperature = 75 0C; Furnace temperature = 300 OC; Pressure = 0.1 
mmHg). 
After completion of the reaction, a little of the pyrolysate was 
dissolved in CDC13 and analysed by 200 MHz -H NMR and 13C NMR 
(DEPT) spectroscopy. This revealed that the Spiro oxazolidinone (273) and 
the oxazinone (274) had formed in the ratio of 4:1 respectively. 
The rest of the crude pyrolysis product was dissolved from the trap 
with methylene chloride and the resulting solution evaporated. The gum 
that formed was subjected to flash column chromatography using a 
gradient of petroleum ether (40-60)/ethyl acetate (pure petroleum ether to 
pure ethyl acetate in 10% increments). This afforded (5S)-4-aza-11,11-
dimethyl-2-oxa-5-spiro[4, 5]bicyclo[3.1. 11undecan-3 -one (273) as a 
colourless solid (0.26g, 56%); Mp = 153-154 °C; [a]j 2  = +8.30 (c=1.16, 
CH202); 'H NMR (200 MHz, CDC13) 6 7.49 (1H, br s, NH), 4.17 (2H, s, 
CH2-0), 2.26-2.21 (1H, m), 2.09-1.78 (6H, m), 1.27 (1H, d, J=10.7 Hz), 
1.19 (3H, s, CH3), 0.81 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, CDC13) S 
159.13 (C=O), 78.31 (CH2), 62.40 (quat C), 51.85 (CH), 39.44 (CH), 38.00 
(quat C), 30.68 (CH2), 26.47 (CH3), 26.12 (CH2), 23.45 (CH2), 22.58 
(CH3) ppm; IR (nujol) Dm  3200 (NH), 1760 (oxazolidinone C=O), 1055, 
770 cm-1 ; MS (ei) mlz 39 (35%), 41 (base), 55 (34), 69 (41), 81 (39), 112 
(47), 140 (44), 195 (9, M); Accurate mass (ei) Found: 195.12592 (88%); 
C11H17NO2 requires: 195.12592. 
The other isomer (274) was not isolated. 
8. Synthesis of Chiral Auxiliary from (iS, 2S)-6,6- 
Dimethylbicyclol3.1 .i]heptane-2-methanol (275), 
(trans-Myrtanol) 
8.1 Preparation of (IS, 2S)-6,6-Dimethylbicyclo[3. 1.1] heptane-2-
methyichioroformate (276) 
A solution of (iS, 25)-6 ,6-dimethylbicyclo[3. 1. 1]heptane-2-methanol 
(275) (2.00g, 13.0 mmol) and pyridine (1.03g, 13.Omol) in dry ether (50ml), 
was added dropwise to a rapidly stirred solution of phosgene (19.3 ml of 
20% solution in toluene, 39.0 mmol, 3 eq), at 0 OC, under argon. After 
addition was complete, the reaction mixture was warmed to room 
temperature and stirred at this temperature for 5 hours. 
The reaction mixture was filtered, the precipitate was washed 
thoroughly with ether and the filtrate evaporated to yield OS, 2S)-6,6-
dimethylbicyclo[3. 1. 1]heptane-2 -met hyichioroform ate (276) as a pale 
yellow oil (2.76g, 98%). This was used in the next stage without further 
purification; Bp = 50 oC/0.05 mmHg (from kugeirhor distillation); [a]D 24 
= -22.30 (c=2.0, CH202); 'H NMR (200 MHz, CDC13) 6 4.07-4.11 (2H, m, 
CH2-0), 2.31-2.52 (1H, m), 2.05-2.15 (1H, m), 1.61-1.89 (5H, m), 1.29 (2H, 
m), 1.21 (3H, s, CH3), 0.83 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, 
CDC13) 6 150.42 (C=O), 75.17 (CH2), 41.71 (CH), 40.43 (CH), 38.39 (quat 
C), 33.89 (CH), 26.34 (CH3), 23.56 (Cl2), 19.90 (CH3), 17.50 (CH2) ppm; 
ER (thin film) UmaX 1780 (C=O) cm-1 ; Accurate mass (FAB), Found: 
215.08387; C11H1635002 (M-H) requires: 215.08388. 
8.2 Preparation of (iS, 2S)-6,6-Dimethylbicyclo[3.1.1]hePtafle- 2-
methylazidoformate (277) 
A solution of sodium azide (1.20g, 18.5 mmol, 2 eq) and 
tetrabutylammonium bromide, TBAB, (0.2 g) in water (100 ml) was added, 
in one go, to a rapidly stirred solution of (iS, 2S)-6,6-
dimethylbicyclo[3. 1. 1]heptane-2-methylchloroformate (276) (2.00g, 9.23 
mmol) in methylene chloride (100 ml). 
The reaction mixture was stirred vigorously for 5 hours and then 
the two layers were separated. The aqueous layer was extracted with 
methylene chloride (3 x 30m1), the combined organic extracts were washed 
with water (20 ml), dried (MgSO4) and evaporated to yield (iS, 2S)-6,6- 
dimethylbicyclo[3. 1. 1]heptane-2-methylazidoformate (277) as a pale 
orange oil (2.03g, 99%). This was used in the next stage without further 
purification; Bp = 55 OC/0.05 mmHg (from kugelrhor distillation); MD 24 
= -17.90 (c=2.0, CH202); 1H NMR (200 MHz, CDC13) ö 3.97-4.03 (2H, m, 
CH2-0), 2.30-2.38 (1H, m), 2.00-2.12 (1H, m), 1.51-1.90 (5H, m), 1.22-1.36 
(2H, m), 1.20 (3H, s, CH3), 0.82 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, 
CDC13) 5 157.47 (C=O), 71.73 (CH2), 41.89 (CH), 40.54 (CH), 38.96 (quat 
C), 33.99 (CH), 26.34 (CH3), 23.65 (CH2), 23.12 (CH2), 19.88 (CH3), 17.63 
(CH2) ppm; IR (thin film) umax 2202, 2150 (N3), 1760 (C=O) cm-1 ; 
Accurate mass (FAB), Found: 222.12424; C11H16N302 (M-1) requires: 
222.12425. 
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8.3 Flash Vacuum pyrolysis of (iS, 2S)-6,6- 
Dimethylbicyclo[3. 1.1] heptane-2-methylazidoformate (277) 
US, 2S)-6 ,6-Dimethylbicyclo[3.1. 1]heptane-2-methylazidoformate 
(277) (1.00g, 4.48 mmol) was subjected to flash vacuum pyrolysis (Inlet 
temperature = 65 °C; Furnace temperature = 300 OC; Pressure = 0.01 
mmHg) 
After completion of the reaction, a little of the pyrolysate was 
dissolved in CD C13  and analysed by 200 MHz 'H NMR and 13C NMR 
(DEPT) spectroscopy. This revealed that the spiro-oxazolidinone (278) and 
the two six-membered oxazinones (279) and (280) had been formed in the 
ratio of 3:2:1 respectively. 
The rest of the crude pyrolysis product was dissolved from the trap 
with methylene chloride and the resulting solution evaporated. The gum 
that formed (0.83g) was subjected to flash column chromatography using 
hexane:ethyl acetate (4:1) as elution solvent. This gave (5R)-4-aza-11,11- 
dimethyl-2-oxa-5-spiro[4, 5]bicyclo[3. 1. lJundecan-3-one 	(278) 	as 	a 
colourless solid (0.46g, 52%); Mp = 137 OC; [aID205 = -41.40 (c=3.44 
EtOH); 1 H NMR (200 MHz, CDC13) 6 6.57(1H, br s, NH), 4.14 (1H, d, 
J=8.4 Hz, CHH-O),  4.02 (1H, d, J=8.4 Hz, CH-O), 1.75-2.20 (7H, m), 1.19 
(3H, s, CH3), 1.01 (3H, s, CH3), 0.95 (1H, d, J=10.4 Hz) ppm; 13C N1'IR 
(50.3 MHz, CDC13) 6 159.06 (C=O), 78.86 (CH2), 61.95 (quat C), 50.94 
(CH), 39.37 (CH), 37.77 (quat C), 29.53 (CH2), 26.42 (CH2, CH3), 23.74 
(CH2), 22.49 (CH3) ppm; JR (KBr disc) 3280 (NH), 1755 (C0), 1745 
cm-1 ; Accurate mass (FAB) 196.13373 C11H18NO2 (M+H) requires: 
196.13374. 
Continued elution afforded a mixture consisting of both six- 
membered oxazinones (279) and (280) (0.33g, 38%); 1 C NAM (50.3 MHz, 
CDC13) 8  157.40 (C=O), 154.41 ((C=O), 69.68 (CH2), 67.58 (CH2), 58.64 
271 
(quat C), 44.63 (quat C), 43.96 (CH), 43.55 (CH), 39.63 (quat C), 39.44 
(CH), 35.59 (CH), 34.48 (CH 2), 33.91 (CH), 32.73 (CH2), 31.75 (CH), 25.80 
(CR3), 25.61 (CR2),, 22.39 (CR2), 21.08 (CR3), 20.34 (CR3), 17.69 (CH3), 
16.40 (CH2) ppm. 
272 
9. Synthesis of Chiral Auxiliary from (IS, 2R, 5R)-2-
isopropyl-5-methylcyclohexan-l-ol (285), 
(iso-Menthol) 
9.1 Preparation of (iS, 2R, 5R)-2-Isopropyl-5-
methylcyclohexane- 1-chioroformate (286) 
A solution of (iS, 2R, 5R)-2-isopropyl-5-methylcyclohexan-1-Ol (285) 
(5.00g, 32.1 nunol) and pyridine (2.53g, 32.1 mmol) in dry ether (100 ml), 
was added dropwise to a rapidly stirred solution of phosgene (47.6 ml of 
20% solution in toluene, 96.2 mmol, 3 eq), at 0 0C, under argon. After 
addition was complete, the reaction mixture was warmed to room 
temperature and stirred at this temperature for 4 hours. 
The reaction mixture was filtered, the precipitate was washed 
thoroughly with ether and the filtrate evaporated to yield (iS, 2R, 5R)-2-
isopropyl-5-methylcyclohexane-1-chloroformate (286) as a pale yellow oil 
(7.00g, 100%). This was used immediately in the next stage without 
further purification; Bp = 58 OC/0.4 mmHg (from kugelrhor distillation); 
1aID22 = +23.30 (c=2.0, CHC13); 1H NMR S 5.11-5.03 (1H, m, CH-O), 
1.97-1.39 (8H, m), 1.27-1.16 (1H, m), 0.95-0.86 (9H, m, 3CH3) ppm; 
NAM (50.3 MHz, CDC13) 5 149.57 (C=O), 81.96 (CH), 45.16 (CH), 35.03 
29.31 (CH2), 27.18 (CH), 26.09 (CH), 20.52 (CH, CH3), 20.15 
18.84 (CH3); IR (thin film) -omax 1775 (C=O), 1150, 920, 840 cm-1 ; 
Accurate mass (FAB), Found 219.11518; C11H20 35002 (M+H) 
requires: 219.11519. 
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9.2 Preparation of (iS, 2R, 5R)-2-Isopropyl-5- 
methylcyclohexane- 1 -azidoform ate (287) 
A solution of sodium azide (3.87g, 59.5 mmol, 2 eq) and 
tetrabutylammonium bromide, TBAB, (0.5g) in water (100 ml) was added, 
in one go, to a rapidly stirred solution of (iS, 2R, 5R)-2-isopropyl-5-
methylcyclohexane-i.-chloroformate (286) (6.50g, 29.7 mmol) in methylene 
chloride (100 ml). 
The reaction mixture was stirred vigorously overnight (20 hours) 
and then the two layers were separated. The aqueous layer was extracted 
with methylene chloride (3 x 20 ml), the combined organic extracts were 
washed with water (10 ml), dried (MgSO4) and evaporated to yield (iS, 
2R, 5R)-2-isopropyl-5-methylcyclohexane-i-azidOfOrmate (287) as a pale 
orange oil (6.88g). This was distilled on kugelrhor to yield a colourless oil 
(5.73g, 86%); Bp = 72 OC/0.2 mmHg (from kugelrhor distillation); [cc]D 24 
= +17.20 (c=2.00, CHC13); 111 NMR (200 MHz, CDC13), ö 4.99-4.91 (1H, 
symm m, CH-O), 1.88-1.32 (8H, m), 1.23-1.15 (1H, m), 0.91-0.81 (9H, m, 
3CH3) ppm; 13C NMR (50.3 MHz, CDC13) 8 156.69 (C=O), 77.01 (CH), 
45.29 (CH), 35.26 (CH2), 29.45 (CH2), 27.17 (CH), 26.01 (CH), 20.60 
(CH2), 20.50 (CH3), 20.16 (CR3), 18.79 (CH3) ppm; IR (thin film) Dmax 
2180, 2120 (both N3), 1725 (C=O), 1240, 1025, 950 cm -1 ; MS (ei) mlz 40 
(75%), 55 (33), 70 (27), 81 (51), 95 (base), 138 (54), no M. 
9.3 Flash vacuum pyrolysis of (iS, 2R, 5R)-2-Isopropyl-5-
methylcyclohexane- 1 -azidoformate (287) 
(iS, 2R, 5R)2Isopropyl-5-methylcyclohexane- 1-azidoformate (287) 
(1.00g, 4.44 mmol) was subjected to flash vacuum pyrolysis (Inlet 
temperature = 60 °C; Furnace temperature = 300 OC; Pressure = 0.02 
mmHg). 
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After reaction, a little of the pyrolysate was dissolved in CD C13  and 
analysed by 200 MHz 1H NMR and 13C NMR (DEPT) spectroscopy. This 
revealed that the oxazolidinones (288) and (290) and the oxazinone (289) 
had formed in the ratio of 7:1:2 respectively. 
The rest of the pyrolysis product was dissolved from the trap with 
methylene chloride and the resulting solution evaporated. The gum that 
formed was subjected to flash column chromatography using hexane:ether 
(2:1) elution. The first fraction to be eluted was OS, 4R, 6S)-9-aza-i-
isopropyl-4-methyl- 7-oxabicyclo[4.3. O]nonan-8 -one (288) as a colourless, 
viscous oil (0.44g, 51%); Bp = 120 OC/0.2 mmHg (from kugeirhor 
distillation); 'H NMR (200 MHz, CDC13), ö 7.01 (1H, br s, NH), 4.40 (1H, 
t, J=2.8 Hz, CH-O), 1.98-1.00 (8H, m), 0.90-0.78 (9H, m, 3CH3) ppm; 
NMR (50.3 MHz) 8 60.02 (C=O), 79.06 (CH), 61.29 (quat C), 34.67 (CH), 
33.58 (CH2), 26.67 (CH2), 26.06 (CH2), 22.11 (CH), 22.00 (CH3), 16.86 
(CH3), 16.59 (CH3) ppm; IR (thin film) uma. 3260 (NH), 1740 (C0), 
1460, 1380, 1050, 770 cm -1 ; MS (ei) m/z 41 (base), 55 (42%), 69 (63), 110 
(39), 154 (63), 197 (3, M); Accurate mass, (ei) Found: 197.14157; 
C11H19NO2 requires: 197.14157. 
The second fraction to be eluted was (1R, 4R, 6S)-9-aza-4,10,10- 
trimethyl- 7-oxa bicyclo[4.4. O]decan-8-one (289) as a colourless solid 
(0.131g, 15%); Mp = 144-146 0C, 1cUD24  = ..53.70 (c=1.78, CH202); 'H 
NMR (200 MHz, CDC13) 8 7.22 (1H, br s, NH), 4.16 (1H,. ddd, J=15.7, 
11.2, 4.7 Hz, CH-O), 2.13 (1H, br m), 1.97-1.87 (1H, m), 1.65-1.19 (6H, m), 
1.17 (3H, s, CH3), 1.08 (3H, s, CH3), 0.92 (3H, d, J=7.4 Hz, CH3) ppm; 
13C NMR (50.3 MHz, CDC13) 5 154.36 (C=O), 71.75 (CH), 52.65 (quat C), 
46.61 (CH), 36.98 (CH2), 30.07 (CH2), 27.99 (CH3), 27.23 (CH), 24.81 
(CH3), 18.65 (CH2), 17.65 (CH3) ppm; IR (nujol) u,,, a,, 3225 (br m, NH), 
1770 (C=O), 1465, 1065, 765, 720 cm-1 ; MS (ei) rn/z 58 (37%), 70 (30), 81 
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(56), 96 (45), 112 (34), 138 (base), 182 (92), 197 (3, M); Accurate mass 
(ei), Found: 197.14157 (89%); C11H19NO2 requires: 197.14157. 
The remaining isomer (290) could not be isolated. 
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10. Attempted Synthesis of Chiral Auxiliary from (S)-
Malic Acid (291) 
10.1 Preparation of (3S)-N-Phenyl-2,5-diketo-3- 
hydroxypyrrolidine (292) 
This reaction was conducted according to the method reported by 
Helmchen96 . 
(S)-Malic acid (291) (10.0g, 74.6 mmol) was dissolved in warm 
ethanol (20 ml) and to this solution was added freshly distilled aniline 
(13.9g, 149 mmol, 2 eq), followed by hexane (100 ml). The salt which 
precipitated was filtered off, washed thoroughly with hexane and sucked 
dry. 
A suspension of the salt in p-xylene (250 ml) was next heated under 
reflux, using a dean-stark trap, for 3 hours. After cooling to room 
temperature, the solution was evaporated to yield a yellow solid. This was 
recrystallised from ethyl acetate to afford (3S)-N-phenyl-2,5-diketo-3- 
hydroxypyrrolidine (292) as an off-white solid (4.63g, 32%); Mp = 174-175 
OC (from ethyl acetate); 1H NMR (200 MHz, CDC13) 8 7.58-7.24 (5H, m, 
Ph), 5.92 (1H, dd, J=8.5, 5.2 Hz, CH-O), 3.34 (1H, dd, J=18.5, 9.0 Hz, 
CffH), 2.94 (1H, dd, J=18.5, 5.2 Hz, CHR), 2.51 (1H, br s, OH) ppm; 
NAM (50.3 MHz, CDC13) 6 171.92 (C=O), 170.86 (C=O), 130.95 (Ar quat 
C), 129.18 (Ar CH), 129.06 (Ar CH), 126.04 (Ar CH), 68.71 (CH), 34.87 
(CH2) ppm; ER (nujol) -uma. 3390 (br, OH), 1750-1630 (br, C=O) cm'; MS 
(ei) mlz 44 (17%), 119 (base), 191 (75, M); Accurate mass (ei), Found: 
191.05824 (89%); C10H9NO3 requires: 191.05823. 
10.2 Preparation of (3S)-N-Phenyl-2,5-diketo-3-
hydroxypyrrolidine-3-chloroformate (293) 
A solution of (3S)-N-phenyl-2 ,5-diketo-3-hydroxypyrrolidine (291) 
(3.00g, 15.7 mmol) and pyridine (1.24g, 15.7mmol) in dry THF (60 ml), 
was added dropwise to a rapidly stirred solution of phosgene (23.3 ml of 
20% solution in toluene, 47.1mmol, 3 eq), at 0 °C, under argon. After 
addition was complete, the reaction mixture was warmed to room 
temperature and stirred at this temperature overnight (16 hours). 
The reaction mixture was filtered, the precipitate was washed 
thoroughly with ether and the filtrate evaporated to yield (38)-N-phenyl-
2,5.diketo-3-hydroxypyrrOlidifle-3-ChlOrOfOrmate (293) as a viscous, yellow 
oil which partially solidified on standing (3.95g, 99%). This was used 
immediately for the next stage without further purification; [a]D 24 = - 
38.60 (c=1.51, CH202); 'H NMR (200 MHz, CDC13) 8 7.52-7.18 (5H, m, 
Ph), 5.67 (1H, dd, J=8.8, 5.0 Hz, CH-O), 3.31 (1H, dd, J=18.6, 9.7 Hz, 
CflH), 2.98 (1H, dd, J=18.5, 4.9 Hz, CHU) ppm; 13C NMR (50.3 MHz, 
CDC13) 8 169.43 (C=O), 170.83 (C=O), 156.90 (C=O), 130.92 (quat C), 
129.10 (Ar CH), 129.04 (Ar CH), 126.21 (Ar CH), 73.42 (CH), 34.96 (CH2) 
ppm; lEt (nujol) -Uma.  1780 (br, 3 C=O), 740, 700 cm -1 ; MS (ei) mlz 43 
(60%), 44 (70), 119 (base), 253 (55, 35C1 M); Accurate mass (ei), Found: 
253.01417, C11H835C1N04 requires: 253.01416. 
10.3 Preparation of (3S)-N-Phenyl-2,5-diketo-3-
hydroxypyrrolidine-3-azidofOrfllate (294) 
A solution of sodium azide (2.10g, 32.3 mmol, 2 eq) and 
tetrabutylammonium bromide, TBAB, (0.2g) in water (100 ml) was added, 
in one go, to a rapidly stirred solution of (3S)-N-phenyl-2,5-diketo-3- 
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hydroxypyrrolidine-3-chloroformate (293) (4.10g, 16.2 mmol) in methylene 
chloride (100 ml). 
The reaction mixture was stirred vigorously for 6 hours and then 
the two layers were separated. The aqueous layer was extracted with 
methylene chloride (3 x 50 ml), the combined organic extracts were 
washed with water (20 ml), dried (MgSO4) and evaporated to yield a red- 
brown gum. This was subjected to flash column chromatography (150g 
silica) using hexane:ether (2:1) elution to yield (38)-N-phenyl-2,5-diketo-3- 
hydroxypyrrolidine-3-azidoformate (294) as a colourless solid (2.65g, 63%); 
Mp = 100 OC (decomp); [a]D24 = -42.0 0 (c=1.44, CH202); 1H NMR (200 
MHz, CDC13) 5 7.52-7.40 (3H, m, 3Ar CH), 7.30-7.24 (2H, m, Ar CH), 5.58 
(1H, dd, J=8.9, 5.1 Hz, CH-O), 3.30 (1H, dd, J=18.4, 8.9 Hz, CffH),  2.93 
(1H, dd, J=18.4,5.1 Hz, CHU) ppm; 'c NMR (50.3MHz, CDC13) ö 171.30 
(C=O), 170.94 (C=O), 156.95 (C=O), 130.90 (Ar quat C), 129.18 (Ar CH), 
128.99 (Ar CH), 126.11 (Ar CH), 70.39 (CH), 35.04 (CH2) ppm; IR (nujol) 
max 2260 (N3), 1720 (br, 3C=O), 1495, 1240, 1180, 740, 700 cm -1 ; MS (ei) 
m/z 43 (73%), 55 (83), 70 (54), 71 (70), 77 (22), 91 (26), 119 (base), 173 
(20), 260 (70, M+); Accurate mass (ei), Found: 260.05455 (87%); 
C11H8N404 requires: 260.05452; Elemental analysis, Found: 50.5% C, 
2.96% H, 21.4% N; C11H8N404 requires: 50.8% C, 3.08% H, 21.5% N. 
10.4 Solution Thermolysis of (3S)-N-phenyl-2,5-diketo-3-
hydroxypyrrolidine-3-azidoformate (294) 
(3S)-N-phenyl-2 ,5-diketo-3-hydroxypyrrolidine-3-azidoformate 
(294) (0.200g, 0.769 mmol) was heated under reflux, under argon, in 
1,1,2,2-tetrachloroethane (40 ml) for 30 minutes. 
The reaction mixture was cooled and then evaporated to yield a 
dark brown tar. This was subjected to flash column chromatography using 
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a gradient of petroleum ether (40-60)/ethyl acetate for elution (from pure 
petroleum ether to pure ethyl acetate in 10% increments). This afforded a 
yellow solid, which was recrystallised from ethanol to give (3S)-N-phenyl- 
2,5-diketo-3-hydroxypyrrolidine-3-carba mate (296) as an off-white solid 
(0.120g, 65%); 'H NMR (200 MHz, DMSO) 6 7.55-7.24 (5H,m, Ph), 6.91 
(2H, br d, J=28.0 Hz, NH2), 5.42 (1H, dd, J=8.8, 4.8 Hz, CH-O), 3.20 (1H, 
dd, J=17.9, 8.8 Hz, CflH),  2.84 (1H, dd, J=17.8, 4.9 Hz, CHff)ppm;  13C 
NMR (50.3 MHz, DMSO) 6 171.10 (C=O), 170.52 (C=O), 156.81 (C=O), 
131.12 (Ar quat C), 129.17 (Ar CH), 129.12 (Ar CH), 126.01 (Ar CH), 70.43 
(CH), 34.96 (CH2) ppm; MS (ei) mlz 43 (51%), 44 (81), 91 (46), 93 (51), 119 
(base), 173 (85), 191 (29), 234 (40, M); Accurate mass (ei) Found: 
234.06405 (87%); C1 1H10N204 requires: 234.06403. 
NA 
11. Asymmetric Aldol Reaction with (4S)-N-(Propionyl)-
4-isopropyl-2-oxazolidinone (22) 
(Evans' Chiral Auxiliary) 
To a solution of diisopropylamine (0.174g, 1.72 mmol) in dry T}{F (2 
nil), at 0 O(J,  under argon, was added n-butyl lithium (1.08 ml of 1.6M 
solution, 1.72 nimol). After 15 minutes, the solution was cooled to -78 O 
and (4S)-N-(propionyl)-4-isopropyl-2-oxazolidinone (22) (0.290g, 1.57 
mmol) in THF (5 ml) was added dropwise via syringe. The reaction 
mixture was stirred at -78 °C for 30 minutes and then to the resulting 
lithium enolate solution was added, rapidly, a solution of freshly distilled 
benzaldehyde (0.166g, 1.57 mmol) in THF (5 ml). 
The reaction mixture was quenched after 1 minute with saturated 
ammonium chloride solution (10 ml) and allowed to warm up to room 
temperature. THF was removed in vacuo and then the mixture was 
extracted with ether (3 x 20 ml). The combined ether layers were washed 
with water (10 ml), dried (MgSO4) and evaporated to yield the crude aldol 
product as an oil which solidified on standing (0.402g, 88%). 
Examination of the 200 MHz 1H NMR of this product indicated 
that two erythro (3J=  4.8 Hz) diastereomers and one threo (3J=7.7  Hz) 
diastereomer were present in the ratio of 24:10:66 (diastereomeric excess 
= 32%) (these ratios were determined by integration of the doublets in the 
range 4.80-5.20 ppm, arising from the PhCHOH protons; the 
erythro / threo assignments were made on the basis of the vicinal coupling 
constants, which are given). 
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12. Thiation of (2S,6R)-5-Aza-1,1O,1O-trimethyl-3-oxa-
tricyclo[5.2.1.02'6}decan-4-one (298) (with Lawessons 
Reagent) 
This reaction was conducted according to the procedure reported by 
Lawesson98 . 
A 	mixture 	of 	(2S,6R)-5-aza-1,10, 10-trimethyl-3-oxa- 
tricyclo[5.2.1.02 '6]decan-4-one (298) (1.00g, 5.13 mmol) and lawesson's 
reagent (Aldrich) (1.24g, 3.08 mmol, 0.6 eq) in dry toluene (50 ml), under 
argon, was heated under reflux for 4 hours, after which time t.l.c. showed 
reaction to be complete. 
After cooling to room temperature, the reaction mixture was 
evaporated and the residue subjected to flash column chromatography (50 
g silica) using hexane:ether (1:3) as the elution solvent. This gave a pale 
brown solid which was recrystallised from toluene to yield (2S,6R)-5-aza- 
1,10, 10-trimethyl-3-oxa-tricyclo[5.2. 1.02' 6]decan-4-thione 	(299) 	as 
colourless crystals (0.703g, 65%); Mp = 198-199 OC (from toluene); [a]D22 
= -1470 (c =2.00, CHC13); 'H NMR (200 MHz, CDC13) 6 8.62 (1H, br s, 
NH), 4.89 (1H, dd, J=10.0, 1.7 Hz, CH-O), 4.35 (1H, dd, J=10.1, 4.8 Hz, 
CH-N), 1.94 (1H, t, J=4.0 Hz, CH), 1.67-1.29 (4H, m, 2CH2), 0.93 (3H, s, 
CH3), 0.91 (3H, s, CH3), 0.87 (3H, s, CH3) ppm; 13C NMR (50.3 MHz, 
CDC13) 6 189.23 (C=S), 92.99 (CH), 59.92 (CH), 49.44 (CH), 48.16 (quat 
C), 26.53 (CH2), 20.25 (CH2), 19.62 (CH3), 17.95 (CH3), 13. 74 (CH3) 
ppm; IR (nujol) max  3400 (br, NH), 1700, 1270, 1120 (C=S), 1030 cm -1 ; 
MS (ei) m/z 41 (29%), 56 (26), 69 (26), 108 (54), 136 (36), 211 (base, M); 
Accurate mass (ei), Found: 211.10308 (85%); C11H17N0S requires: 
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Glossary of Stereochemical Terms 
Asymmetric Synthesis 
Asymmetric synthesis has been defined formally by Morrison and 
Mosher108  as "a reaction in which an achiral unit in an ensemble of 
substrate molecules is converted by a reactant into a chiral unit, in such a 
manner that the stereoisomeric. products are produced in unequal 
amounts." 
Put more simply, an asymmetric synthesis is one which produces 
stereoisomeric products in unequal amounts. 
Homochiral 
A homochiral compound is one which is composed entirely of a 
single enantiomer 
R / S Notation 
The R / S notation represents the Cahn-Ingold-Prelog convention 
for denoting the absolute configuration of stereoisomers. The assignments 
are made by first giving a priority value to each of the atoms surrounding 
the asymmetric carbon atom based on their atomic numbers; the higher 
the atomic number, the higher the priority. For example, Br has higher 
priority than OH, which in turn has higher priority than CH3. 
If two or more atoms attached to the asymmetric centre are the 
same, then priority is determined by the atomic number of the atoms 
connected directly to these original atoms. Thus, -CH2C1 has higher 
priority than -CH20H, which in turn has higher priority than -CH2CH2C1. 
If the group attached to the asymmetric centre contains a double or 
triple bond, then priority is assigned by assuming that the attached atoms 




—C=N 	treated as 	—C—N 
I 	I 
NC 
)C=O 	treated as 	— C — O 
I 	I 
U  
After priorities have been assigned, the asymmetric centre is 
viewed with the group of lowest priority pointing away from the viewer 
(Fig. 25); if the three remaining groups form a clockwise arrangement, on 
going from the group of highest priority to lowest priority, then the centre 
is designated R (for rectus; right). Conversely, if the groups form an 
anticlockwise arrangement, the centre is designated S (for sinister; left). 
Br 	 CH3 
OH 	 OH 
2 
(R)-configu ration 	 (S)-configuration 
Figure 25 
293 
The above rules are adequate for obtaining the absolute 
configuration of most molecules. For special cases additional rules may be 
needed and these can be found in reference (109) 
4. 	Re / Si Notation 
The above Cahn-Ingold-Prelog rules can be extended to allow the 
distinction to be made between the faces of a double or triple bond. This is 
achieved by giving priority values to each of the groups surrounding the 
multiple bond. The face which has the groups in a clockwise arrangement 
(in order of decreasing priority) is designated the Si-face; alternatively the 
face which has the groups in an anti-clockwise arrangement is designated 





To avoid ambiguity, when a carbon-carbon multiple bond is present 
the carbon atom to which the assignment refers must be specified; for 







5. 	Erythro / Threo Notation 
This notation is commonly used to denote the relative 
configurations of molecules containing more than one asymmetric centre; 
the use of this notation is illustrated in Fig. 28. If the two specified 
substituents are on the same side of the molecule, the configuration is 
referred to as erythro; alternatively, if they are on opposite sides, the 
configuration is designated as threo (it should be noted that the terms syn 
for erythro and anti for threo are also frequently used). 
OH 	 OH 
OH 	 OH 
erythro (or syn) 	 threo (or anti) 
Figure 28 
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Enantiomeric Excess I Diastereomeric Excess 
Enantiomeric excess / diastereomeric excess are terms which are 
used to denote the extent of asymmetric induction when a prochiral 
substrate reacts to form a chiral product. These terms are defined as the 
proportion of the major isomer less that of the minor isomer (equation 1), 
and are usually expressed as a percentage. If the products from a reaction 
are enantiomers, the term enantiomeric excess (ee) is used; alternatively, 
if the products are diastereomers, the term cliastereomeric excess (de) is 
employed. 
[major isomer] - [minor isomer] 
de%(oree%)= 	 xlOO 
[major isomer] + [minor isomer] 
Equation 1 
Prochirality 
A prochiral molecule is one which is non-chiral but becomes chiral 
if one of two identical groups present is replaced by another group. For 
example, in the non-chiral molecule (A), (Fig. 29), replacement of the 
hydrogen atom Hs with bromine generates the chiral product (B). (B) has 
the S absolute configuration, hence HS is termed the pro-S hydrogen. 
Similarly, HR,  which if replaced would lead to the R configuration, is 
termed the pro-R hydrogen 
Hydrogen atoms HS and HR  are said to be enantiotopic as each 
leads to the formation of a different enantiomer. 
pro-S pro-A Br FIR  
replace Hs 	HOaCH3 (B) 
Hs HR 
HOCH3 
Hs Br  
(A) 
	 replace HR 
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Table 1. Bond Lengths(s) with standard deviations 
C(l) - 0(2) 1.433( 5) 
C(l) - C(5) 1.524( 5) 
0(2) - C(3) 1.363( 4) 
C(3) - 0(3) 1.187( 5) 
C(3) - N(4) 1.342( 5) 
N(4) - E(4) 0.83( 6) 
N(4) - C(5) 1.423( 4) 
C(5) - 0(6) 1.430(  
C(S) -C(10) 1.510(  
0(6) - C(7) 1.426(  
C(7) - C(8) 1.500(  
C(7) - 0(7) 1.407( 4) 
C(8) - C(9) 1.521( 5) 
C(8) - 0(8) 1.430( 4) 
C(9) -C(10) 1.525( 5) 
C(9) - 0(9) 1.431( 4) 
C(10) -0(10) 1.408( 4) 
0(7) -C(7A) 1.455( 5) 
C(7A) -C(7B) 1.501( 6) 
C(7A) -C(7C) 1.512( 5) 
C(7A) - 0(8) 1.423(  
0(9) -C(9A) 1.417(  
C(9A) -C(9B) 1.502( 7) 
C(9A) -C(9C) 1.505( 7) 
C(9A) -0(10) 1.437( 5) 
Table 2. Angles(degrees) with standard deviations 
0(2) - C(1) - C(S) 104.9( 3) 
C(1) - 0(2) - C(3) 109.5( 3) 
0(2) - C(3) - 0(3) 122.5( 3) 
0(2) - C(3) - N(4) 108.6(  
0(3) - C(3) - N(4) 128.9(  
C(3) - N(4) - H(4) 126.8(39) 
C(3) - N(4) - C(S) 113.2( 3) 
H(4) - N(4) - C(S) 118.9(39) 
C(l) - C(5) - N(4) 100.8( 3) 
C(1) - C(S) - 0(6) 106.4( 3) 
C(1) - C(S) -C(10) 112.8( 3) 
N(4) - C(5) - 0(6) 114.3( 3) 
N(4) - C(S) -C(10) 111.6( 3) 
0(6) - C(5) -C(10) 110.6( 3) 
C(S) - 0(6) - C(7) 120.1( 3) 
0(6) - C(7) - C(8) 115.5( 3) 
0(6) - C(7) - 0(7) 108.8( 3) 
C(8) - C(7) - 0(7) 103.0( 3) 
C(7) - C(8) - C(9) 117.2( 3) 
C(7) - C(8) - 0(8) 101.2( 3) 
C(9) - C(8) - 0(8) 109.1( 3) 
C(8) - C(9) -C(10) 112.6( 3) 
C(S) - C(1) 
0(2) - C(1) 
0(2) - C(1) 
0(2) - C(1) 
C(1) - 0(2) 
C(1) - 0(2) 
0(2) - C(3) 
0(2) - C(3) 
0(3) - C(3) 
0(3) - C(3) 
C(3) - N(4) 
C(3) - N(4) 
C(3) - N(4) 
R(4) - N(4) 
H(4) - N(4) 
H(4) - N(4) 
C(1) - C(5) 
N(4) - C(5) 
C(10) - C(5) 
C(l) - C(S) 
C(1) - C(S) 
N(4) - C(S) 
N(4) - C(S) 
0(6) - C(5) 
0(6) - C(5) 
C(S) - 0(6) 
C(S) - 0(6) 
0(6) - C(7) 
0(6) - C(7) 
0(7) - C(7) 
0(2) - C(3) 	13.7( 4) 
• C(S) - N(4) -16.7( 3) 
• C(S) - 0(6) 	102.8( 3) 
C(5) -C(10) -135.9( 3) 
- C(3) - 0(3) 	176.7( 4) 
• C(3) - N(4) -4.6( 4) 
• N(4) - H(4) -175.4(48) 
- N(4) - C(S) 	-7.6( 4) 
- N(4) - H(4) 3.3(49) 
- N(4) - C(S) 	171.1( 4) 
- C(S) - C(l) 15.3( 4) 
- C(5) - 0(6) -98.4( 3) 
- C(S) -C(10) 135.3( 3) 
- C(5) - C(l) -175.9(44) 
- C(S) - 0(6) 70.4(44) 
-C(S) -C(10) -55.9(44) 
- 0(6) - C(7) 164.7( 3) 
- 0(6) - C(7) -85.0( 3) 
- 0(6) - C(7) 41.9( 4) 
-C(l0) - C(9) -174.9( 3) 
-C(10) -0(10) -60.1( 3) 
-C(10) - C(9) 72.4( 3) 
-C(l0) -0(10) -172.8( 3) 
-C(10) - C(9) -55.9( 4) 
-C(10) -0(10) 	58.8( 3) 
- C(7) - C(8) 3.8( 4) 
- C(7) - 0(7) 119.0( 3) 
- C(8) - C(9) -37.7( 4) 
- C(8) - 0(8) 80.7( 3) 
- C(8) - C(9) -156.1( 3) 
Table 3. Torsion ang
les(degrees) with standard deviations 
0(7) - C(7) - C(8) - 0(8) -37.7( 3) 
0(6) - C(7) - 0(7) -C(7A) -99.9( 3) 
C(8) - C(7) - 0(7) -C(7A) 	23.0( 3) 
C(7) - C(8) - C(9) -C(10) 22.2( 4) 
C(7) - C(8) - C(9) - 0(9) -91.9( 3) 
0(8) - C(8) - C(9) -C(10) -92.0( 3) 
0(8) - C(8) - C(9) - 0(9) 	153.9( 3) 
C(7) - C(8) - 0(8) -C(7A) 39.1( 3) 
C(9) - C(8) - 0(8) -C(7A) 163.3( 3) 
C(8) - C(9) -C(l0) - C(S) 	23.7( 4) 
C(8) - C(9) -C(10) -0(10) -93.9( 3) 
0(9) - C(9) -C(10) - C(S) 141.3( 3) 
0(9) - C(9) -C(10) -0(10) 	23.7( 3) 
C(8) - C(9) - 0(9) -C(9A) 114.9( 3) 
C(10) - C(9) - 0(9) -C(9A) 	-5.1( 3) 
C(S) -C(10) -0(10) -C(9A) -155.7( 3) 
C(9) -C(10) -0(10) -C(9A) -34.0( 3) 
C(7) - 0(7) -C(7A) -C(73) 118.5( 3) 
C(7) - 0(7) -C(7A) -C(7C) -117.4( 3) 
C(7) - 0(7) -C(7A) - 0(8) 0.5( 3) 
0(7) -C(7A) - 0(8) - C(8) -25.5( 3) 
C(7B) -C(7A) - 0(8) - C(8) -144.0( 3) 
C(7C) -C(7A) - 0(8) - C(8) 90.9( 3) 
C(9) - 0(9) -C(9A) -C(9B) 103.6( 4) 
C(9) -0(9) -C(9A) -C(9C) -129.1( 3) 
C(9) - 0(9) -C(9A) -0(10) -15.1( 4) 
0(9) -C(9A) -0(10) -C(10). 31.1( 3) 
C(9B) -C(9A) -0(10) -C(10) -86.7( 4) 
C(9C) -C(9A) -0(10) -C(10) 146.9( 3) 
Structure 2 
0  ~~o 
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Table 1. Bond Lengths(A) with standard deviations 
C(1) - 0(2) 1.441(  
C(L) - 	 C(S) 1.540(  
0(2) - C(3) 1.342(  
C(3) - 0(3) 1.209(  
C(3) - 	 N(4) 1.396( 4) 
N(4) - C(5) 1.460(  
N(4) -C(11) 1.423(  
C(S) - 0(6) 1.419(  
C(S) -C(10) 1.540(  
0(6) - C(7) 1.442( 3) 
C(7) - 0(7) 1.400(  
C(7) - C(8) 1.514(  
0(7) -C(78) 1.458(  
C(78) -C(78A) 1.513(4) 
C(78) -C(78X) 1.510(  
C(78) - 	 0(8) 1.429( 3) 
0(8) - C(8) 1.431(  
C(S) - C(9) 1.534(  
C(9) - 0(9) 1.432(  
C(9) -C(10) 1.532(4) 
0(9) -C(91) 1.438(4) 
C(91) -C(91A) 1.483(  
C(91) -C(91X) 1.503(5) 
C(91) -0(10) 1.436(4) 
0(10) -C(10) 1.420( 3) 
C(11) -0(11) 1.198( 3) 
C(11)  1.520(4) 
c(12)  1.544(4) 
C(12) -C(17) 1.570( 4) 
C(13) -C(14) 1.556(4) 
C(14) -C(15) 1.513(5) 
C(14) -C(18) 1.532( 5) 
C(15) -C(16) 1.336( 5) 
C(16) -C(17) 1.505( 4) 
C(17) -C(18) 1.551(4) 
Table 2. Angles(degrees) with standard deviations 
0(2) - C(1) - C(5) 104.68(20)  - C(9) -C(10) 112.99(23) 
C(L) - 0(2) - C(3) 109.63(20) . 	 0(9) - C(9) -C(10) 102.18(21) 
0(2) - C(3) - 0(3) 122.4( 	3)  - 0(9) -C(91) 109.66(21) 
0(2) - 	 C(3) - N(4) 109:02(23) 0(9) -C(91) -C(91A) 110.8( 	3) 
0(3) - C(3) - N(4) 128.6( 	3) 0(9) -C(91) -C(91X) 109.20(24) 
C(3) - 	 N(4) - C(S) 110.69(21) 0(9) -C(91) -0(10) 104.70(22) 
C(3) -N(4) -C(11) 127.49(23) C(91A)-C(91) -C(91X) 113.6(3) 
C(S) -N(4) -C(11) 120.77(21) C(91A)-C(91) -0(10) 107.6(3) 
C(1) -C(S) -N(4) 99.42(20) C(91X)-C(91) -0(10) 110.59(24) 
C(1) - 	 C(5) - 0(6) 109.88(21) C(91) -0(10) -C(10) 106.39(20) 
C(1) - C(S) -C(10) 110.88(22) C(S) -C(10) - C(9) 118.57(23) 
N(4) - C(S) - 0(6) 106.33(20) C(5) -C(10) -0(10) 105.57(21) 
N(4) - 	 C(S) -C(10) 115.01(22) C(9)  -0(10) 101.59(21) 
0(6) - C(S) -C(10) 114.24(21) N(4)  -0(11.) 117.31(25) 
C(5) - 	 0(6) - C(7) 117.28(19) N(4) -C(11) -C(12) 118.63(23) 
0(6) - C(7) - 0(7) 105.36(20) 0(11) -C(11) -C(12) 124.0( 	3) 
0(6) - C(7) - C(S) 110.85(22) C(11) -C(12) -C(13) 112.05(23) 
0(7) - C(7) - C(8) 103.38(21) C(11) -C(12) -C(17) 112.57(23) 
C(7) - 0(7) -C(78) 107.56(19) C(13) -C(12) -C(17) 103.23(22) 
0(7) -C(78) -C(78A) 106.87(22) C(12) -C(13) -C(14) 102.66(23) 
0(7) -C(78) -C(78X) 109.93(22) C(13) -C(14) -C(15) 106.22(25) 
0(7) -C(78) - 0(8) 105.43(20) C(13) -C(14) -C(18) 100.70(25) 
C(78A)-C(78) -C(78K) 114.09(24) C(15) -C(14) -C(18) 100.7( 	3) 
C(78A)-C(78) - 0(8) 110.60(22) C(14) -C(15) -C(16) 107.2( 	3) 
C(78X)-C(78) - 0(8) 109.54(22) C(15) -C(16) -C(17) 107.8( 	3) 
C(78) - 0(8) - C(S) 108.72(20) C(12) -C(17) -C(16) 106.20(23) 
C(7) - C(8) - 0(8) 101.87(21) C(12) -C(17) -C(18) 99.46(23) 
C(7) - C(8) - C(9) 115.89(23) C(16) -C(17) -C(18) 100.10(24) 
0(8) - C(8) - C(9) 111.29(22) C(14) -C(18) -C(17) 93.44(24) 
C(8) - C(9) - 0(9) 	110.26(22) 
Table 3. Torsion angles(degrees) with standard deviations 
C(5) - C(1) - 0(2) -.C(3) 	21.2( 3) 
0(2) - C(1) - C(5) - N(4) -24.73(24) 
0(2) - C(1) - C(S) - 0(6) 86.55(24) 
0(2) - C(1) - C(5) -C(10) -146.20(21) 
C(1) - 0(2) - C(3) - 0(3) 173.5( 3) 
C(1) - 0(2) - C(3) - N(4) 	-7.9( 3) 
0(2) - C(3) - N(4) - C(5) -9.8( 3) 
0(2) - C(3) - N(4) -C(11) -178.06(24) 
0(3) - C(3) - N(4) - C(S) 	168.7( 3) 
0(3) - C(3) - N(4) -C(11) 0.5( 5) 
C(3) - N(4) - C(5) - C(l) 	21.4( 3) 
C(3) - N(4) - C(S) - 0(6) -92.71(24) 
C(3) - N(4) - C(S) -C(10) 	139.78(24) 
C(11) - N(4) - C(5) - C(1) -169.50(22) 
C(11) - N(4) - C(S) - 0(6) 	76.4( 3) 
C(11) - N(4) - C(5) -C(10) -51.1( 3) 
C(3) - N(3) -C(1l) -0(11) 	169.3( 3) 
C(3) - N(4) -C(11) -C(12) -12.5( 4) 
C(S) - N(4) -C(11) -0(IL) 2.2( 4) 
C(5)-N(4) -C(11) -C(12) -179.66(23) 
C(1) - C(S) - 0(6) - C(7) 96.89(25) 
N(4) - C(5) - 0(6) - C(7) -156.42(20) 
C(10) - C(5) - 0(6) - C(7) -28.5( 3) 
C(1) - C(S) -C(10) - C(9) -143.59(24) 
C(L) - C(S) -C(10) -0(10) 	-30.7( 3) 
N(4) - C(S) -C(10) - C(9) 104.6( 3) 
N(4) -C(5) -C(10) -0(10) -142.48(21) 
0(6) - C(5) -C(10) - C(9) 	-18.8( 3) 
0(6) - C(S) -C(10) -0(10) 94.13(25) 
C(S) - 0(6) - C(7) - 0(7) 	172.03(19) 
C(S) - 0(6) - C(7) - C(8) 60.8( 3) 
0(6) - C(7) - 0(7) -C(78) 	-85.02(23) 
C(8) - C(7) - 0(7) -C(78) 31.4( 3) 
0(6) - C(7) - C(8) - 0(8) 	76.49(25) 
0(6) - C(7) - C(8) - C(9) -44.5( 3) 
0(7) - C(7) - C(8) - 0(8) 	-35.96(25) 
0(7) - C(7) - C(8) - C(9) -156.92(22) 
C(7) - 0(7) -C(78) -C(78A)-132.45(23) 
C(7) -0(7) -C(78) -C(78X) 103.24(24) 
C(7) - 0(7) -C(78) - 0(8) 	-14.7( 3) 
0(7) -C(78) - 0(8) - C(8) -9.4( 3) 
C(78A)-C(78) - 0(8) - C(8) 	105.80(25)  
C(78X)-C(78) -0(8) -C(8) -127.60(23) 
	
C(78) - 0(8) - C(8) - C(7) 	27.6( 3) 
C(78) - 0(8) - C(8) - C(9) 151.68(22) 
C(7) - C(8) - C(9) - 0(9) -112.8( 3) 
C(7) - C(8) - C(9) -C(10) 	0.8( 3) 
0(8) - C(8) - C(9) - 0(9) 131.46(23) 
0(8) - C(8) - C(9) -C(10) -114.90(25) 
C(8) - C(9) - 0(9) -C(91) 	102.6( 3) 
C(10) - C(9) - 0(9) -C(91) -17.8( 3) 
C(8) - C(9) -C(10) - C(S) 	31.1( 3) 
C(8) - C(9) -C(10) -0(10) -83.9( 3) 
0(9) - C(9) -C(10) - C(S) 	149.59(23) 
0(9) - C(9) -C(10) -0(10) 34.52(25) 
C(9) - 0(9) -C(91) -C(91A)-121.3( 3) 
C(9) - 0(9) -C(91) -C(91X) 112.9( 3) 
C(9) - 0(9) -C(91) -0(10) 	-5.5( 3) 
0(9) -C(91) -0(10) -C(10) 29.0( 3) 
C(91A)-C(91) -0(10) -C(10) 	147.0(3) 
C(91X)-C(9L) -0(10) -C(10) -88.5( 3) 
C(91) -0(10) -C(10) -C(5) -163.74(21) 
C(91) -0(10) -C(10) - C(9) 	-39.4( 3) 
N(4) -C(ll) -C(12) -C(13) 174.33(24) 
N(4) -C(11) -C(12) -C(17) 	-69.8( 3) 
0(11) -C(11) -C(12) -C(13) -7.6( 4) 
0(11) -C(11) -C(12) -C(17) 	108.2( 3) 
C(11) -C(12) -C(13) -C(14) 121.4( 3) 
C(17) -C(12) -C(13) -C(14) 	0.1( 3) 
C(11) -C(12) -C(17) -C(16) -54.1( 3) 
C(11) -C(12) -C(17) -C(18) -157.64(24) 
C(13) -C(12) -C(17) -C(16) 	66.9( 3) 
C(13) -C(12) -C(17) -C(18) -36.6( 3) 
C(12) -C(13) -C(14) -C(15) 	-67.4( 3) 
-C(13) -C(14) -C(18) 37.2( 3) 
-C(14) -C(15) -C(16) 	71.4( 3) 
C(18) -C(14) -C(15) -C(16) -33.2( 3) 
C(13) -C(14) -C(18) -C(17) 	-59.0( 3) 
C(15) -C(14) -C(18) -C(17) 50.0( 3) 
-C(IS) 7C(16) -C(17) 	-0.7( 3) 
-C(16) -C(17) -C(12) -69.3( 3) 
C(15) -C(16) -C(17) -C(18) 	33.7( 3) 
C(12) -C(17) -C(18) -C(14) 58.26(25) 
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Table 2. Bond lengths (A) 
C(1)-0(2) 1.438 (3) C(1)-C(5) 1.522 (4) 
0(2)-C(3) 1.345 (4) C(3)-0(3) 1.198 (4) 
C(3)-N(4) 1.393 (4) N(4)-C(5) 1.477 (4) 
N(4)-C(11) 1.414 (4) C(5)-0(6) 1.404 (4) 
C(5)-C(10) 1.540 (4) 0(6)-C(7) 1.436 (4) 
C(7)-0(7) 1.380 (4) C(7)-C(8) 1.507 (4) 
0(7)-C(7A) 1.447 (4) C(7A)-C(7B) 1.495 (5) 
C(7A)-C(7C) 1.487 (5) C(7A)-0(8) 1.425 (4) 
0(8)-C(8) 1.430 (4) C(8)-C(9) 1.523 (4) 
C(9)-0(9) 1.425 (4) C(9)-C(10) 1.511  
0(9)-C(9A) 1.425 (4) C(9A)-C(9B) 1.519  
C(9A)-C(9C) 1.473 (4) C(9A)-0(10) 1.433 (4) 
0(10)-C(10) 1.422 (4) C(11)-0(11) 1.217 (4) 
C(11)-C(12) 1.487 (4) C(12)-C(12M) 1.537  
C(12)-C(13) 1.529 (4) C(13)-0(13) 1.423 (4) 
C(13).-C(1P) 1.501 (4) 
Table 3. Bond angles 
( 0) 
0(2)-C(l)-C(5) 105.0(2) C(l)-0(2)-C(3) 110.0(2) 
0(2)-C(3)-0(3) 122.5(3) 0(2)-C(3)-N(4) 108.9(2) 
0(3)-C(3)-N(4) 128.6(3) C(3)-N(4)-C(5) 110.0(2) 
C(3)-N(4)-C(11) 127.0(3) C(5)-N(4)-C(11) 120.4(2) 
C(l)-C(5)-N(4) 99.8(2) C(l)-C(5)-0(6) 111.7(2) 
N(4)-C(5)-0(6) 105.0(2) C(l)-C(5)-C(10) 111.9(2) 
N(4)-C(5)-C(l0) 113.6(2) 0(6)-C(5)-C(10) 113.9(2) 
C(5)-0(6)-C(7) 116.9(2) 0(6)-C(7)-0(7) 106.0(2) 
0(6)-C(7)-C(8) 112.0(2) 0(7)-C(7)-C(8) 104.6(2) 
C(7)-0(7)-C(7A) 109.0(2) 0(7)-C(7A)-C(7B) 107.5(2) 
0(7)-C(7A)-C(7C) 110.4(2) C(7B)-C(7A)-C(7C) 113.4(3) 
0(7)-C(7A)-0(8) 105.3(3) C(7B)-C(7A)-0(8) 112.1(3) 
C(7C)-C(7A)-0(8) 107.8(2) C(7A)-0(8)-C(8) 108.1(2) 
C(7)-C(8)-0(8) 101.6(2) C(7)-C(8)-C(9) 116.3(3) 
0(8)-C(8)-C(9) 109.5(2) C(8)-C(9)-0(9) 111.4(2) 
C(8)-C(9)-C(10) 113.0(2) 0(9)-C(9)-C(10) 101.8(3) 
C(9)-0(9)-C(9A) 109.6(2) 0(9)-C(9A)-C(98) 108.6(2) 
0(9)-C(9A)-C(9C) 111.0(3) C(9B)-C(9A)-C(9C) 112.9(3) 
0(9)-C(9A)-0(10) 105.2(3) C(9B)-C(9A)-0(10) 109.4(3) 
C(9C)-C(9A)-0(10) 109.4(2) C(9A)-0(10)-C(10) 106.3(2) 
C(5)-C(10)-C(9) 118.7(3) C(5)-C(10)-0(10) 106.8(2) 
C(9)-C(10)-0(10) 102.0(2) N(4)-C(11)-0(11) 116.0(3) 
N(4)-C(11)-C(12) 120.8(3) 0(11)-C(11)-C(12) 123.2(3) 
C(11)-C(12)-C(12M) 105.9(3) C(11)-C(12)-C(13) 109.3(2) 
C(12M)-C(12)-C(13) 112.3(3) C(12)-C(13)-0(13) 106.1(3) 
C(12)-C(13)-C(1P) 112.0(2) 0(13)-C(13)-C(1P) 110.3(3) 









Table 1. Bond Lengths() with standard deviations 
C(l) - 0(2) 1.434( 6) 
C(11) -0(2') 1.436( 6) 
C(1) - C(5) 1.536( 7) C(l') -C(5 1 ) 
1.535( 7) 
0(2) - C(]) 1.351(  0(2') 
-C(3') 1.364( 7) 
C(3) - 0(3) 1.203(  C(3') 
-0(3') 1.190(  
C(3) - N(4) 1.351( 7) C(3') 
-N(3') 1.362( 7) 
N(4) - C(5) 1.460( 6) N(4') 
-C(5') 1.455( 6) 
N(4) -C(11) 1.454( 7) N(4') 
-C(11') 1.412( 7) 
C(5) - 0(6) 1.429( 6) C(5') 
-0(6') 1.429( 6) 
C(5) -C(10) 1.528( 7) C(5') 
-C(10') 1.519( 7) 
0(6) - C(7) 1.437( 6) 0(6
1 ) -C(7') 1.441( 6) 
C(7) - 0(7) 1.391( 6) C(7') 
-0(7') 1.396( 6) 
C(7) - C(8) 1.523( 7) C(7') 
-C(8') 1.500( 7) 
0(7) -C(7A) 1.440( 6) 0(7') 
-C(7A') 1.463( 7) 
C(7A) -C(7B) 1.504(8) 
C(7A')-C(7B') 1.514(9) 
C(7A) -C(7C) 1.503(8) 
C(7A')-C(7C') 1.484(9) 
C(7A) - 0(8) 1.434( 6) 
C(7A')-0(8') 1.422( 7) 
C(8) - 0(8) 1.436( 6) 0(8 1 ) -C(8 1 ) 
1.426( 6) 
C(8) - C(9) 1.515( 7) C(8') 
-C(9') 1.514( 8) 
C(9) - 0(9) 1.420( 6) C(9 1 ) -0(9') 
1.417( 7) 
C(9) -C(10) 1.519( 7) C(9 1 ) 
-C(10 1 ) 1.547( 7) 
0(9) -C(9A) 1.433( 6) 0(9
1 ) -C(9A') 1.428( 7) 
C(9A) -C(9B) 1.504( 8) C(9A')-C(9B') 
1.514( 9) 
C(9A) -C(9C) 1.509(8) C(9A')-C(9C') 
1.505(9) 
C(9A) -0(10) 1.462(6) C(9A')-0(10') 
1.467(7) 
0(10) -C(10) 1.430(6) 0(101)-C(101) 
1.432(6) 
C(11) -0(12) 1.397(6) C(11')-0(12') 
1.397(6) 
C(11) -C(15) 1.293(8) C(11')-C(15') 
1.322(8) 
0(12) -C(13) 1.364(7) 
0(12')-C(13') 1.351(8) 
C(13) -0(13) 1.168( 8) 
C(13')-0(13') 1.209( 8) 
C(13) -C(14) 1.501(10) C(13')-C(14') 
1.495(11) 
C(15) -C(16) 1.511(9) C(15')-C(16') 
1.526(9) 
Table 2. Angles(degrees) with standard deviations 
0(2) - C(1) - C(S) 105.2( 4) 0(2') -C(l') -C(S') 104.8( 4) 
C(1) - 0(2) - C(3) 108.8( 4) C(1') -0(2') -C(3') 108.7( 4) 
0(2) - C(3) - 0(3) 123.3( 5) 0(2') -C(3') -0(3') 123.1( 6) 
0(2) - C(3) - N(4) 108.5( 4) 0(2') -C(3') -N(4') 107.8( 5) 
0(3) - C(3) - N(4) 128.1( 5) 0(3') -C(3') -N(4') 129.1( 6) 
C(3) - N(4) - C(S) 112.5( 4) C(3') -N(4') -C(5') 112.6( 4) 
C(3) - N(4) -C(ll) 120.9( 4) C(3') -N(4') -C(ll') 121.3( 4) 
C(S) - N(4) -C(ll) 123.8( 4) C(5') -N(4') -C(ll') 124.7( 
4) 
C(l) - C(5) - N(4) 97.1( 4) C(l') -C(5') -N(4') 97.5( 4) 
C(1) - C(S) - 0(6) 112.4( 4) C(l') -C(5') -0(6') 112.1( 4) 
C(l) - C(5) -C(10) 117.2( 4) C(l') -C(5') -C(10') 118.1( 4) 
N(4) - C(S) - 0(6) 107.4( 4) N(4') -C(5') -0(6') 106.9( 
4) 
N(4) - C(5) -c(lO) 113.2( 4) N(4') -C(5') -C(lO') 112.7( 
4) 
0(6) - C(5) -C(10) 108.8( 4) 0(6') -C(S') -C(10') 108.7( 
4) 
C(S) - 0(6) - C(7) 113.5( 3) C(5') -0(6') -C(7') 112.7( 
4) 
0(6) - C(7) - 0(7) 106.9( 4) 0(6') -C(7') -0(7') 106.5( 
4) 
0(6) - C(7) - C(8) 111.3( 4) 0(6') -C(7') -C(8') 112.4( 
4) 
0(7) - C(7) - C(8) 104.4( 4) 0(7') -C(7') -C(8') 105.0( 4) 
C(7) - 0(7) -C(7A) 109.3( 4) C(7') -0(7') -C(7A') 108.6( 4) 
0(7) -C(7A) -C(7B) 108.5( 4) 0(7') -C(7A')-C(7B') 107.3( 4) 
0(7) -C(7A) -C(7C) 110.2( 4) 0(7') -C(7A')-C(7C') 109.7( 5) 
0(7) -C(7A) - 0(8) 105.6( 4) 0(7') -C(7A')-0(8') 104.6(  
C(7B) -C(7A) -C(7C) 113.6(5) C(7B')-C(7A')C(7C') 114.3(5) 
C(7B) -C(7A) - 0(8) 111.0( 4) C(7B')-C(7A')-0(8') 110.4(  
C(7C) -C(7A) - 0(8) 107.6( 4) C(7C')-C(7A')-0(8') 110.0( 5) 
C(7) - C(8) - 0(8) 101.2( 4) C(7A')-0(8') -C(8') 108.0( 4) 
C(7) - C(8) - C(9) 116.7( 4) C(7') -C(8') -0(8') 101.6( 4) 
0(8) - C(8) - C(9) 107.6( 4) C(7') -C(8') -C(9') 116.6( 4) 
C(7A) - 0(8) - C(8) 107.1( 3) 0(8') -C(8') -C(9') 108.5( 
4) 
C(8) - C(9) - 0(9) 110.6( 4) C(8') -C(9') -0(9') 109.8( 
4) 
C(8) - C(9) -C(10) 117.0( 4) C(8') -C(9') -C(10') 116.6( 
4) 
0(9) - C(9) -C(10) 101.5( 4) 0(9') -C(9 1 ) -C(10') 102.0( 4) 
C(9) - 0(9) -C(9A) 105.8( 4) C(9') -0(9') -C(9A') 105.6( 4) 
0(9) -C(9A) -C(93) 109.2( 4) 0(9') -C(9A')-C(9B') 107.9( 5) 
0(9) -C(9A) -C(9C) 113.2( 4) 0(9') -C(9A')-C(9C') 113.2( 5) 
0(9) -C(9A) -0(10) 103.2( 4) 0(9') -C(9A')-0(10') 103.1( 
 
C(9B) -C(9A) -C(9C) 112.7(5) C(9B')-C(9A')-C(9C') 112.8(5) 
C(9B) -C(9A) -0(10) 110.5( 4) C(9B')-C(9A')0(10') 110.2( 
 
C(9C) -C(9A) -0(10) 107.7(4) C(9C')-C(9A')0(10') 109.1(5) 
C(9A) -0(10) -C(10) 108.3(3) C(9A')-0(10')-C(10') 109.0(4) 
C(5)-C(1O) -C(9) 113.7(4) C(S') -C(10')-C(9') 113.9(4) 
C(S) -C(10) -0(10) 111.2( 4) C(5') -C(10')-0(10') 111.7( 
4) 
C(9) -C(10) -0(10) 104.3(4) C(9') -C(10')-0(10
1 ) 103.0(4) 
!1(4) -C(11) -0(12) 111.9(4) N(4') -C(11')-0(12') 113.9(4) 
N(4) -C(11) -C(15) 123.0(5) N(4') -C(11')-C(15') 121.7(5) 
0(12) -C(11) -C(15) 124.9(5) 0(12')-C(11')C(15') 124.1(5) 
C(11) -0(12)  118.0(4) C(11')-0(12')C(13') 118.3(4) 
0(12) -C(13) -0(13) 123.6(6) 0(12')-C(13')0(13') 
122.4(6) 
0(12) -C(13)  109.4(5) 0(12')-C(13')C(14') 
110.7(6) 
0(13) -C(13) -C(14) 127.0(6) 0(13')-C(13')C(14') 126.7(7) 
C(11)   123.5(5) C(l1')-C(15')C(16') 123.8(5) 
Table 3. Torsion angles(degrees) with standard deviations 
C(S) - C(l) - 0(2) - C(3) 21.5( 5) C(9) - 0(9) -C(9A) -C(9B) -154.3( 4) 
0(2) - C(l) - C(5) - N(4) -26.5( 4) C(9) - 0(9) -C(9A) -C(9C) 78.8( 5) 
0(2) - C(l) - C(5) - 0(6) 85.6( 5) C(9) - 0(9) -C(9A) -0(10) -37.2( 4) 
0(2) - C(1) - C(5) -C(l0) -147.2( 4) 0(9) -C(9A) -0(10) -C(10) 17.2( 5) 
C(l) - 0(2) - C(3) - 0(3) 172.5( 5) C(9B) -C(9A) -0(10) -C(lO) 133.8( 4) 
C(l) - 0(2) - C(3) - N(4) -5.9( 5) C(9C) -C(9A) -0(10) -C(10) -102.7( 4) 
0(2) - C(3) - N(4) - C(5) -13.6( 6) C(9A) -0(10) -C(l0) - C(S) -115.4( 4) 
0(2) - C(3) - N(4) -C(ll) -175.3( 4) C(9A) -0(10) -C(10) - C(9) 7.5( 5) 
0(3) - C(3) - N(4) - C(S) 168.2( 5) N(4) -C(ll) -0(12) -C(13) 111.9( 5) 
0(3) - C(3) - N(4) -C(11) 6.5( 8) C(15) -C(11) -0(12) -C(13) -72.0( 7) 
C(3) - N(4) - C(S) - 	 C(l) 24.8( 5) N(4) -C(11) -C(15) -C(16) 178.5( 5) 
C(3) - N(4) - C(S) - 0(6) -91.4( 5) 0(12) -C(11) -C(15) -C(16) 2.8( 9) 
C(3) - N(4) - C(S) -C(10) 148.6( 4) C(11) -0(12) -C(13) -0(13) 1.1( 9) 
C(11) - N(4) - C(5) - C(1) -174.1( 4) C(11) -0(12) -C(13) -C(14) 179.8( 5) 
C(11) - N(4) - C(S) - 0(6) 69.7( 5) C(5') -C(1') -0(2') -C(3') 24.1( 5) 
C(11) - N(4) - C(S) -C(10) -50.4( 6) 0(2') -C(1') -C(S') -N(4') -28.1( 5) 
C(3) - N(4) -C(1l) -0(12) 75.4( 6) 0(2') -C(1') -C(5') -0(6 1 ) 83.6( 5) 
C(3) - N(4) -C(11) -C(15) -100.8( 6) 0(2') -C(1') -C(5') -C(10')-149.0( 4) 
C(5) - N(4) -C(11) -0(12) -84.1( 5) C(1') -0(2') -C(3') -0(3') 172.2( 6) 
C(5) - N(4) -C(ll) -C(15) 99.6( 6) C(1') -0(2') -C(3') -N(4 1 ) -8.6( 6) 
C(1) - C(S) - 0(6) - C(7) 63.9( 5) 0(2') -C(3') -r(4') -C(S') -11.9( 6) 
N(4) - C(S) - 0(6) - C(7) 169.6( 4) 0(2') -C(3') -N(4') -C(11')-179.0( 4) 
C(10) - C(5) - 0(6) - C(7) -67.6( 5) 0(3') -C(3') -N(4') -C(S') 167.2( 6) 
C(1) - C(5) -C(10) - C(9) -79.2( 5) 0(3') -C(3') -N(4') -C(11') 0.2( 9) 
C(l) -C(S) -C(10) -0(10) 38.2( 6) C(3') -N(4') -C(5') -C(1') 24.9( 5) 
N(4) - C(S) -C(10) - C(9) 168.9( 4) C(3') -N(4') -C(5') -0(6') -90.9( 5) 
N(4) - C(5) -C(l0) -0(10) -73.7( 5) C(3') -N(4') -C(5') -C(10') 149.6( 5) 
0(6) - C(5) -C(10) - C(9) 49.7( 5) C(11')-N(4') -C(5') -C(l') -168.5(  
0(6) - C(S) -C(l0) -0(10) 167.1( 4) C(11')-N(4') -C(5') -0(6') 75.7(  
C(5) - 0(6) - C(7)' - 0(7) 173.2( 4) C(11')-N(4') -C(S') -C(10') -43.7( 6) 
C(S) - 0(6) - C(7) - C(8) 59.8( 5) C(3') -N(4') -C(11')-0(12') 74.6( 6) 
0(6) - C(7) - 0(7) -C(7A) -96.6( 4) C(3') -N(4') -C(11')-C(15')100.6( 7) 
C(8) - C(7) - 0(7) -C(7A) 21.5(  C(S') -N(4') -C(11')-0(12') -90.9(  
0(6) - C(7) - C(8) - 0(8) 81.6( 4) C(5') -N(4') -C(11')-C(15') 93.9( 6) 
0(6) - C(7) - C(8) - C(9) -34.8( 6) C(1') -C(5') -0(6') -C(7') 64.5( 5) 
0(7) - C(7) - C(8) - 0(8) -33.4( 4) N(4') -C(5') -0(6') -C(7') 170.2( 4) 
0(7) - C(7) - C(8) - C(9) -149.8( 4) C(10')-C(5') -0(6') -C(7') -67.8( 5) 
C(7) - 0(7) -C(7A) -C(7B) -120.0( 4) C(1') -C(5') -C(10')-C(9') -80.3( 6) 
C(7) - 0(7) -C(7A) -C(7C) 115.0(  C(1') -C(5') -C(10')-0(10 1 ) 35.9(  
C(7) - 0(7) -C(7A) - 0(8) -1.0( 5) N(4') -C(5') -C(10')-C(9') 167.1( 
4) 
0(7) -C(7A) - 0(8) - C(8) -21.5( 5) N(4') -C(5 1 ) -C(10')-0(10') -76.7( 5) 
C(7B) -C(7A) - 0(8) - C(8) 95.9( 5) 0(6') -C(5') -C(10')-C(9') 48.7( 5) 
C(7C) -C(7A) - 0(8) - C(8) -139.2( 4) 0(6') -C(S') -C(lO')-O(lO') 164.9( 4) 
C(7) - C(8) - 0(8) -C(7A) 33.4( 4) C(5') -0(6') -C(7') -0(7') 175.6( 4) 
C(9) - C(8) - 0(8) -C(7A) 156.2( 4) C(5') -0(6') -C(7') -C(8') 61.2( 5) 
C(7) - C(8) - C(9) - 0(9) -94.0( 5) 0(6') -C(7') -0(7') -C(7A') -99.5( 4) 
C(7) - C(8) - C(9) -C(10) 21.4( 6) C(8') -C(7') -0(7') -C(7A') 19.8( 5) 
0(8) - C(8) - C(9) - 0(9) 153.2( 4) 0(6') -C(7') -C(8') -0(8') 82.5( 5) 
0(8) - C(8) - C(9) -C(10) -91.4( 5) 0(6') -C(7') -C(8') -C(9') -35.2( 6) 
C(8) - C(9) - 0(9) -C(9A) 166.2( 4) 0(7') -C(7') -C(8') -0(8') -32.8( 5) 
C(10) - C(9) - 0(9) -C(9A) 41.4( 4) 0(7') -C(7') -C(8') -C(9') -150.5( 4) 
C(8) -.C(9) -C(10) - C(5) -28.7( 6) C(7') -0(7') -C(7A')-C(78')116.4( .5) 
C(8) - C(9) -C(10) -0(10) -150.0( 4) C(7') -0(7') -C(7A')-C(7C') 118.9( 5) 
0(9) - C(9) -C(10) - 	C(5) 91.7( 4) C(7') -0(7') 	-C(7A')-0(8') 1.0( 5) 
0(9) - C(9) -C(10) -0(10) -29.6( 4) 0(7') -C(7A')-0(8') 	-C(8') -22.9( 5) 
C(7B')-C(7A')-0(8') -C(8') 92.3(5) C(9') -0(9') 	-C(9A')-C(9B')155.1( 
5) 
C(7C')-C(7A')-0(8') -C(8') -140.6(5) C(9') -0(9') 	-C(9A')-C(9C') 
79.3(6) 
C(7A')-0(8') -C(8') -C(7') 34.2(5) C(9') -0(9') 	-C(9A')-0(10') 
-38.5(5) 
C(7A')-0(8') -C(3') -C(9') 157.6(4) 0(9') -C(9A')-0(10') -C(10') 
19.3(5) 
C(7') -C(8') -C(9') -0(9') -95.6(5) C(9B')-C(9A')0(10')C(10') 
134.3(5) 
C(7') -C(8') -C(9') -C(10') 19.7(7) C(9C')-C(9A')0(10')C(10')101.3( 
5) 
0(8') -C(8') -C(9') -0(9') 150.6(4) C(9A')-0(10')C(10')C(5') 
-117.3(4) 
0(8') -C(8') -C(9') -C(10') -94.1(5) C(9A')-0(10')C(10')C(9') 
5.3(5) 
C(8-) -C(91) -0(9') -C(9A') 165.8(4) N(4') -C(11')-0(12')-C(13') 
107.7(6) 
C(10')-C(9 1 ) -0(9') -C(9A') 41.5(5) C(15')-C(11')0(12')C(13') 
-77.3(7) 
C(8') -C(9') -C(10')-C(5') -26.5(6) N(4') -C(11')-C(15')C(16')178.
0 ( 5) 
C(8') -C(9') -C(10')-0(10')-147.7( 4) 0(12')-C(11')-C(15')C(16') 
7.3(9) 
0(9')-C(9') -C(10')-C(5') 93.0(5) C(11')-0(12')C(13')0(13') 
1.1(9) 





Table 1. Bond Lengths(A), angles(degrees) and torsion angles(degrees) 
with standard deviations 
C(l) 	- 	C(2) 	1.528( 	5) C(4) 	- 	C(5) 1.535( 5) 
C(l) 	- 	C(6) 1.576( 	5) C(5) 	- 	C(6) 1.542( 5) 
C(l) 	- 	C(7) 	1.544( 	5) C(5) 	- 	C(7) 1.550( 5) 
C(2) 	- 	C(3) 1.569( 	5) C(6) 	- 	C(8) 1.535( 5) 
C(2) 	-C(lO) 	1.522( 	5) C(6) 	- 	C(9) 1.527( 5) 
C(2) 	- N(2) 1.460( 4) N(2) 	- C 1.329( 4) 
N(2) 	- H(2) 	0.82( 	4) C - 0 1.214( 4) 
C(3) 	- 	C(4) 1.542( 	5) C 	- 	0(3) 1.364( 4) 
C(3) 	- 0(3) 1.463( 	4) 
C(2) 	- 	C(l) 	- 	C(6) 	113.8( 	3) C(4) 	- 	C(5) 	- C(6) 110.9( 3) 
C(2) 	- 	C(l) 	- 	C(7) 108.6( 	3) C(4) 	- 	C(5) 	- C(7) 108.3( 3) 
C(6) 	- 	C(l) 	- 	C(7) 	87.32(24) C(6) 	- 	C(S) 	- C(7) 88.35(25) 
C(l) 	- 	C(2) 	- 	C(3) 110.9( 	3) C(l) 	- 	C(6) 	- C(S) 85.43(24) 
C(l) 	- 	C(2) 	-C(10) 	112.8( 	3) C(l) 	- 	C(6) 	- C(8) 110.6( 3) 
C(l) 	- 	C(2) 	- 	N(2) 110.4( 	3) C(l) 	- 	C(6) 	- C(9) 121.9( 3) 
C(2) 	- 	N(2) 	- 	H(2) 	120.6(31) C(5) 	- 	C(6) 	- C(8) 111.6( 3) 
H(2) 	- 	N(2) 	- C 121.4(31) C(S) 	- 	C(6) 	- C(9) 118.3( 3) 
C(3) 	- 	C(2) 	-C(10) 	113.3( 	3) C(8) 	- 	C(6) 	- C(9) 107.6( 3) 
C(3) 	- 	C(2) 	- 	N(2) 100.2( 	3) C(l) 	- 	C(7) 	- C(S) 86.23(24) 
C(lO) 	- 	C(2) 	- 	N(2) 	108.6( 	3) C(2) 	- 	N(2) 	- C 115.0( 3) 
C(2) 	- 	C(3) 	- 	C(4) 116.1( 	3) N(2) 	- C - 0 129.9( 3) 
C(2) 	- 	C(3) 	- 	0(3) 	104.62(24) N(2) 	- C 	- 0(3) 109.3( 3) 
C(4) 	- 	C(3) 	- 	0(3) 108.4( 	3) 0 - C - 0(3) 120.7( 3) 
C(3) 	- 	C(4) 	- 	C(S) 	113.1( 	3) C(3) 	- 	0(3) 	- C 110.66(24) 
C(6) 	- C(1) 	- C(2) 	- C(3) 	-47.8( 	4) N(2) - C(2) 	- C(3) 	- C(4) 119.7( 3) 
C(6) 	- C(1) 	- C(2) 	-C(10) 80.4( 	3) N(2) - C(2) 	- C(3) 	- 0(3) 0.2( 3) 
C(6) - C(1) 	- C(2) 	- N(2) 	-157.9( 	3) C(1) - C(2) 	- N(2) 	- 	C 119.7( 3) 
C(1) 	- C(2) 	- N(2) 	- H(2) 	-79.5(37) C(3) - C(2) 	- N(2) 	- 	C 2.7( 4) 
C(3) 	- C(2) 	- N(2) 	- H(2) 	163.6(37) C(10) - C(2) 	- N(2) 	- 	C - 116.2( 3) 
C(10) 	- C(2) 	- N(2) 	- H(2) 	44.7(37) C(2) - C(3) 	- C(4) 	- C(S) -4.9( 4) 
H(2) - N(2) 	- 	C 	- 	0 17.0(37) 0(3) - C(3) 	- C(4) 	- C(5) 112.5( 3) 
H(2) - N(2) 	- 	C 	- 0(3) 	-165.6(37) C(2) - C(3) 	- 0(3) 	- 	C -3.0( 3) 
C(7) 	- C(1) 	- C(2) 	- C(3) 47.6( 	3) C(4) - C(3) 	- 0(3) - 	C -127.5( 3) 
C(7) 	- C(1) 	- C(2) 	-C(1O) 	175.8( 	3) C(3) - C(4) 	- C(S) 	- C(6) 51.9( 4) 
C(7) 	- C(1) 	- C(2) 	- N(2) 	-62.5( 	3) C(3) - C(4) 	- C(5) 	- C(7) -43.5( 4) 
C(2) 	- C(1) 	- C(6) 	- C(5) 82.7( 	3) C(4) - C(5) 	- C(6) 	- C(1) - 82.7( 3) 
C(2) 	- C(1) 	- C(6) 	- C(8) 	-166.0( 	3) C(4) - C(S) 	- C(6) 	- C(8) 167.0( 3) 
C(2) 	- C(1) 	- C(6) 	- C(9) 	-38.1( 	4) C(4) - C(S) 	- C(6) 	- C(9) 41.4( 4) 
C(7) 	- C(1) 	- C(6) 	- C(5) 	- 26.43(23) C(7) - C(S) 	- C(6) 	- C(1) 26.31(23) 
C(7) 	- C(1) 	- C(6) 	- C(8) 84.9( 	3) C(7) - C(5) 	- C(6) 	- C(8) -84.0( 3) 
C(7) 	- C(1) 	- C(6) 	- C(9) 	-147.2( 	3) C(7) - C(S) 	- C(6) 	- C(9) 150.4( 3) 
C(2) 	- C(1) 	- C(7) 	- C(5) 	- 88.0( 	3) C(4) - C(S) 	- C(7) 	- C(1) 84.6( 3) 
C(6) 	- C(1) 	- C(7) 	- C(S) 	26.25(23) C(6) - C(S) 	- C(7) 	- C(1) - 26.86(24) 
C(1) 	- C(2) 	- 	C(3) 	- C(4) 3.1( 	4) C(2) - N(2) 	- 	C 	- 	0 177.8( 3) 
C(1) 	- C(2) 	- C(3) 	- 0(3) 	-116.4( 	3) C(2) - N(2) 	- 	C 	- 0(3) -4.8( 4) 
C(10) 	- C(2) 	- C(3) 	- C(4) 	-124.8( 	3) N(2) - 	 C 	- 0(3) - C(3) 4.8( 4) 
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Summary 
Chromatographic separation of racemic amines, carboxyl-
ic acids and alcohols can be achieved with excellent 
resolution as measured in terms of the chromatographic 
separation factor a by derivatization with a homochiral 
oxazolidin-2-one easily prepared in three steps from 
endo-borneol. The resolved materials can be isolated in 
excellent yields by cleavage of the resultant diastereomers 
using conventional methods, which also allow recovery of 
the chiral resolving agent for re-use. 
Introduction 
Interest in chiral separation has grown enormously over 
the last decade [1]. Derivatization of enantiomers with 
optically active reagents and separation of the resulting 
diastereomers on achiral columns is a widely used method 
as exemplified by FLEC [(+)-1-(9-fluorenyl)-ethyl chlo-
roformate] which offers favourable chromatographic 
properties for chiral separations using reverse-phase 
liquid chromatography [2]. Pirkle has employed chiral 
oxazolidin-2-ones for the resolution of racemic amines 
[3], although access to these reagents required either 
cyclocarbamation of relatively expensive optically pure 3-
amino alcohols, or the more tedious separation of 
similarly prepared racemic analogues [4]. We now report 
a new reagent 1, readily prepared in bulk quantities by 
three simple steps from inexpensive [(1 S) -endo] - (— ) -bor-
neol 2, wherein the easily functionalized oxazolidin-2-one 
moiety is enriched by the powerful topological bias 
inherent in the bornane skeleton. The practical value of 1 
as a cheap chiral derivatizing agent (CDA) for the 
normally difficult resolution of optically active amines, 
carboxylic acids, and alcohols is illustrated here. 
Experimental 
Homochiral Resolving Agent 
For the preparation of the new homochiral reagent 1 we 
employed the simple, albeit little used, device of intramo-
lecular nitrene delivery [5] coupled with the conforma-
tional rigidity offered by the bornyl moiety. This process, 
outlined in Figure 1, was achieved starting from endo-(—)
borneol 2 with optical purity in > 98 % (Aldrich) by 
2 
Figure 1 
Preparation of homochiral oxazolidin-2-one 1: (i) phosgene, NEt31  toluene-ether, 0 °C, 4 h, (97 %; (ii) NaN 31  TBAB, CH2Cl2-H20, 25 °C, 4 h, (98 %); (iii) solution thermolysis in 1,1,2,2-tetrachioroethane (b.p. 147 °C), 
(50%). 
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Analysis of Diastereomers 
Analysis of crude reaction mixtures was by I-IPLC on a 
Gilson system consisting of a Model 802 manometric 
module, a Model 302 piston pump to deliver the mobile 
phase (2 ml/min), a Model 112 variable wavelength UV-
vis detector set at 258 rim, and a Gallenkamp Datascan 
recorder. Injections were made on Spherisorb 5 jim Si0 2-
S5W-250A column, 25 x 0.46 cm. The mobile phases used 
were mixtures of n-hexane-ether (3:1 v/v) to analyse the 
amine- and alcohol- derived diastereomers and a 4:1 v/v 
mixture to analyse the carboxylic acid diastereorners. 
Cleavage of Diastereomers and Recovery of 
Resolved Material and Auxiliary 
After chromatographic separation, both the CDA land the 
resolved substrate can be recovered by the following 
appropriate procedures: 
Amines: the ureas were successfully cleaved in high 
yields with sodium methoxide in anhydrous THF [4] and 
the CDA 1 recovered in almost quantitative yield (m.p. 
162-163 °C). 
Acids: typically, cleavage of a diastereomer 11 was 
achieved using lithium hydroperoxide [6] following which 
1 was recovered in 96 % yield and the resolved acid in 
89 % yield by an acid/base extraction process. 
Alcohols: the same procedure was adopted as used 
for the acid-derived diastereomer 11 (vide-supra), but for 
a longer period of time (24 h). Cleavage of the diastereo-
meric pair 16 and 17 occurred quantitatively and note-
worthly, the CDA was recovered in its oxidized form, viz. 
1 following dry flash silica chromatography. 
Results and Discussion 
Under the conditions mentioned above, the diastereomeric 
pairs are very well separated. Table I illustrates the high 
degree of separation as measured in terms of chromato-
graphic separation factor cx conferred on the resultant 
diastereomers by CDA 1 through their differential ab-
sorbtion by the stationary phase. The magnitude of cx in 
each case is such as to facilitate straightforward effective 
resolution of sizeable quantities of material on silica 
columns. For example, the diastereomeric ureas 5 and 6 
are easily separated on a millimolar scale by flash 
chromatography (Fluka GF 254 Si0 2 , gradient elution, n-
hexane:ether). This approach was developed further by 
carrying out a kinetic resolution of S and 6 which afforded 
a diastereomeric excess of 3:1 (lower R f : higher R 1 
material). The kinetic resolution experiment consisted of 
the slow addition of N-chloroformyl derivative of 1 (1 
equiv.) to an ice cold solution of racemic 1-phenylethyl-
amine (2 equivs.) and triethylamine (1 equiv.) in CH 2Cl2 
(4h). 
Normally, diastereomers derived from secondary amines 
can be observed to separate, but with much diminished cc 
values. In the case of the diastereomeric ureas 7 and 8, an 
a value of 1.20 is found, well in excess of the value (1.09) 
reported for the corresponding secondary amine derived 
50 
Table I. Separation factors (cx) for resolution of amines, car-
boxylic acids and alcohols. 
Racemate Diastereomers a-Value 
1-phenylethylamine 5:6 2.01 
N-methyl-2-phenylethylamine 7:8 120 
2-bromopropionic acid 9:10 2.10 
2-chloropropionic acid 1F12 2.10 
2-phenylpropionic acid 13:14 2.08 
trans-2-methylcyclohexan-1-ol 16:17 134 
from FLEC [(+)-1-(9-fluorenyl)-ethyl chloroformate] [2]. 
Differing combinations of hydrogen bonding, dipolar 
repulsion and carbinyl hydrogen bonding effects, together 
with the greater conformational rigidity of 1 may account 
for this improved separation. 
This same conformational rigidity also appears to play a 
large role in promoting the high chromatographic separa-
bility observed for the corresponding diastereomeric 
amides derived from carboxylic acids. Table I shows the 
magnitude of the a values are all in excess of 2.0 and such 
as to ensure large-scale chromatographic resolutions of all 
pairs of diastereomers on silica (gradient elution 1:2 to 1:1 
v/v ether:n-hexane). 
The broad spectrum of chromatographic separability 
conferred by CDA 1 is further reflected in the a value of 
1.34 for the alcohol-derived carbamate diastereomers 16 
and 17 which is more than adequate for facile preparative 
separation on silica columns with gradient elution (ether:n-
hexane, 1:5). 
Conclusion 
In conclusion we can state that the present method allows 
a rapid and •effective means for the chromatographic 
resolution of racemic amines, carboxylic acids, and 
alcohols on normal-phase silica. The CDA I is an easy to 
prepare, inexpensive, crystalline, stable and odourless 
compound with an enantiomeric purity not less than 
99.9 %. These characteristics, coupled with the stability of 
the resultant diastereomers, should ensure that 1 becomes 
a powerful addition to the CDAs available to the organic 
chemist. We also note that the highly crystalline nature of 
these diastereomeric derivatives also offers as a bonus the 
opportunity for separation by the classical approach of 
fractional crystallization. 
References 
R. Sheldon, Chem. & Ind., 212 (1990). 
S. Einarsson, B. Josefsson, P Moller, D. Sanchez, Jansen Chim. 
Acta 6(1), 10 (1988); Anal. Chem. 59, 1191 (1987). 
WH. Pirkie, J. Finn, Asymmetric Synthesis, J.D. Morrison, Ed., 
Academic Press, 1, 87 (1983). 
WH. Pirkie, KA. Simmond.s, J. Org. Chem. 48,2520 (1983). 
0. Meth-Cohn, Acc. Chem. Res. 20, 18 (1987); W Lwowskg, 
Ed., Nitrenes, Wiley Interscience, New York (1970). 
D.A. Evans, T Britton, J.A. Eliman, Tetrahedron Lett. 28, 6141 
(1987). 
Received: Apr. 23, 1992 
Accepted: May 18, 1992 
conversion into the azidoformate 4 via chloroformate 3 
and subsequent thermolysis in boiling 1,1 ,2,2-tetrachloro-
ethane. 
By this procedure we obtained the CDA 1 which was pu-
rified by flash chromatography on silica using 
cyclohexane:ethyl acetate as eluent. Further crystallisa-
tion from di-iso-propylether or ethyl acetate:n-hexane 
furnished well-formed crystals of the oxazolidinone (1; m.p. 
163-163.5 °C; [cx]D215-73.4°, c = 5.1, ethanol); its structure 
was confirmed by microanalysis, 1 H NMR and MS (in-
cluding parent molecular ion by electron impact) meas-
urement. X-Ray diffraction analysis also confirmed the 
stereochemical integrity of 1 and has shown that the 
absolute configuration of the chiral centres at C(2) and 
C(6) is (2R, 6S). 
Preparation of 1Diasereomeus 
The following examples illustrate the efficacy of I as a 
homochiral derivatizing agent for the normally difficult 
chromatographic resolution of (i) chiral amines via 
diastereomeric ureas, e.g. 5-8, (ii) carboxylic acids as the 
corresponding amides, e.g. 9-14, and (iii) alcohols with no 
UV chromophore as the equivalent oxazolidinethione 
carbamate, e.g. 16. In each case the resultant diastereom-
ers are stable and are formed quantitatively within a few 
minutes. 
(i) Racemic Amines: In a typical procedure oxazolidinone 
1 was converted into its lithio-derivative by treatment of 
an ethereal solution with of 1.6M n-butyl lithium (Li 
equivs.) and added to an ice cold 20 % phosgene solution 
in toluene (3 equivs.) which had been pre-treated with 
finely divided calcium hydride (0.02 equivs.). After 1 hour 
the reaction mixture was filtered and evaporated in vacuo 
to produce, in quantitative yield, the N-chloroformyl de-
rivative. Dropwise treatment of a solution of racemic 1-
phenylethylamine (1 equiv.) and triethylamine (1 equiv.) 
in CH2C12  with a solution of N-chloroformyl derivative (1 
equiv.) (CH2C12) produced a 1:1 mixture (98 %) of the 
diastereomeric ureas 5 and 6 (98 %). Application to the 
more difficult to separate secondary amine, N-methyl-2-
phenylethylamine, produced a pair of diastereomeric 
derivatives 7 and 8 in a 95 % yield. 
Racemic Carboxylic Acids: A different approach was 
adopted in that the racemic acid was utilized as an acid 
halide (1 equiv.) and added to a stirred solution of 
lithiated CDA 1 (1 equiv.) in THF at -78 °C. Diastereo-
meric amides 9 and 10 were isolated in 94 % yield from 
racemic 2-bromopropionyl bromide, whilst reaction with 
2-chloropropionyl chloride and 2-phenylpropionyl chloride 
gave diastereomers 11 and 12 (84 %), and 13 and 14 
(97 %), respectively. 
Racemic Alcohols (with no UV chromophore): For 
this purpose the oxazolidinethione 15 was prepared from 
CDA 1 (1 equiv.) in 65 % yield by treatment with 
Lawesson's reagent (0.6 equivs.) in toluene at reflux. The 
thione group was chosen because it provides both the 
necessary bathochromic shift and absorbs more strongly 
in the UV (15 Xmax247 nm, emax2.8 x iü cf. 1 Xmax227 nm, 
Cmax l.6 x 102).  In a procedure reverse to the resolution of 
amines, the chioroformate of the alcohol, e.g. racemic 
trans-2-methylcyclohexan-1-ol (1 equiv.) was added to the 
lithio-derivative of 15 (1 equiv.) in DME at -78 °C, to 
afford equal amounts of carbamate (S,S)-16 and its (R,R)-17 












5-8 (S,S)-16 [and (R,R)-171 
R1 R2 R3 R4 
Me H Ph H 
H Me Ph H 
Me H Ph Me 
H Me Ph Mc 
9-14 	 15 
R' R2 R3 
9 Br Me H 
10 H Me Br 
11 Cl Me H 
12 H Me Cl 
13 Ph Me H 
14 H Me Ph 
Figure 2 
Structures of diastereomeric ureas 5-8, amides 9-14, and carbamates 16-17. 
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